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ABSTRACT

The annual Smolt Monitoring Program is the result of implementation of

Section 304(d)(2) of the Northwest Power Planning Council Fish and Wildlife

Program. This is the third year of the annual system-wide program conducted by

the Fish Passage Center.

Marked groups of spring, summer, and fall chinook salmon, sockeye salmon,

and steelhead trout are monitored at sampling points throughout the system.

Because this program is intended to be representative of the juvenile

migration, marked groups usually represent major hatchery production stocks.

Arrival time and duration of marked groups are reported. Annual travel time

indices are reported from Rock Island Dam to McNary Dam, from Lower Granite Dam

to McNary Dam, and from McNary Dam to John Day Dam. Travel time indices are

calculated for year to year comparison. Hatchery and brand release information

is reported. Survival estimates of spring chinook and steelhead hatchery

stocks in the mid-Columbia and steelhead hatchery stocks in the lower Snake

River are reported.
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Migrational Characteristics and Survival of Columbia Basin
Salmon and Steelhead Trout, 1986

I. INTRODUCTION

This report is the final product of the 1986 implementation of Measures 304

(d)(2) of the Northwest Power Planning Council's (NPPC) Fish and Wildlife

Program. This measure requires Bonneville Power Administration (BPA) to fund a

program conducted by the fishery agencies and tribes to monitor and report the

migrational characteristics of important fish stocks. This was the basis for

the Smolt Monitoring Program (SMP). In 1983, the first year of implementation

of NPPC program measures, the BPA and fishery agencies and tribes agreed to

incorporate the SMP activities into the duties of the Fish Passage Center

(FPC). This was done because data from the SMP is necessary for in-season

management of the Water Budget and spill.

The SMP provides smolt outmigration and adult passage data on a real time

basis to guide system operations. Data are relayed to the Water Budget

managers and disseminated to interested parties through a series of weekly reports

issued during the migration season. How this information was used by the Water

Budget managers in 1986 for in-season management of the Water Budget and

in-season management of spill for fish passage and nitrogen abatement was

covered in the 1986 Water Budget Managers Annual Report, which was submitted to

the NPPC in November, 1986.

The SMP also provides a database for post-season characterization of the

outmigration. This characterization includes determination of smolt travel

time and survival. Past experimentation and monitoring has correlated

decreasing smolt travel time to increasing survival of spring migrants. This

was the basis used by the NPPC in establishing the Water Budget program. A key



goal of the SMP has been to collect consistent data on travel time and survival

of specific groups to enlarge the database upon which Water Budget measures

will be evaluated. The SMP is designed so that data generated on travel time

and survival of marked groups may be analyzed relative to flow and other

environmental factors on an annual basis.

The SMP is providing information to identify migration requirements of

summer juvenile migrants, which are becoming a larger component of the total

annual downstream migration. This information aids in directing project

operations to facilitate the migration, The SMP also provides baseline data

upon which further research can be based.

This report presents the results of post-seasonal analyses including timing

and relative magnitude of the outmigration, travel time for marked hatchery

releases, and survival in mid-Columbia and lower Snake River index reaches.

Travel time of marked yearling and sub-yearling chinook salmon (Oncorhynchus

tsawytscha), sockeye salmon (Oncorhynchus nerka), and steelhead trout (Salmo

gairdneri) is measured between specific sampling points in the system. Marked

groups usually represent major hatchery production stocks. Survival estimates

are computed for specific spring chinook and steelhead marked groups. Arrival

time and duration of outmigration of the chinook, sockeye, coho (Oncorhynchus

kisutch) and steelhead runs are reported at key sampling points. Hatchery and

brand release information for 1986 is also listed.



II. SMOLT MONITORING PROGRAM

The 1986 program basically repeated and expanded on the 1984 and 1985 Smolt

Monitoring Programs (SMP). Spring, summer and fall chinook and steelhead were

marked for the SMP at Columbia River and Snake River system hatcheries above

McNary Dam. In addition, in-river yearling chinook and sockeye from Priest

Rapids and Wanapum dams were marked by National Marine Fisheries Service (NMFS)

as part of a transportation study for Grant County Public Utility District (PUD).

At Lower Granite and McNary Dams, in-river yearling chinook and steelhead or

sub-yearling fall chinook were marked as part of NMFS research efforts for the

U.S. Army Corps of Engineers (COE). These fish

plus the SMP fish were used in travel time investigations. Marked fish were

recovered at Clearwater and Lewiston traps and at Lower Granite, Lower Monumental,

Rock Island, Priest Rapids, McNary, John Day and Bonneville dams (Figure 1).

The type and method of data gathered at each site during 1986 are listed in

Table 1. The Clearwater trap site was used for in-season monitoring. The

Lewiston trap was used to determine migration characteristics at the head of

Lower Granite pool. Fish were sampled in the collection facilities at Lower

Granite and McNary dams. In addition, gatewell samples were obtained for Lower

Monumental Dam. In the mid-Columbia, the bypass trap at Rock Island Dam was

monitored. Gatewell samples were reported for Priest Rapids Dam. This

sampling, however, was not consistent and cannot be standardized to provide

quantitative estimates. Airlift sampler catches were reported for John Day Dam.

Bonneville Dam again experienced sampling difficulties during the spring

migration and most of the summer. Continuous sampling was finally accomplished

at the Bonneville 1st powerhouse from mid-August through the end of the bypass

season in November. The Bonneville 2nd powerhouse bypass system operated

satisfactorily, but inconsistent turbine or powerhouse operations precluded

consistent data gathering.

3



A-A
B-B
C-C

I 1.

’ iI
I .

5.
6.
7.
8.
9.

10.

INDEX REACHES
Rock Island to McNary Dam
Lower Granite to McNary Dam
McNary to John Day Dam

SITES
Whitebird (not operated 1986)
Clearwater River Trap
Snake River Trap
Lower Granite Dam
Lower Monumental Dam
Rock Island Dam
Priest Rapids Dam
McNary Dam
John Day Dam
Bonneville Dam

FIGURE 1 1986 SMOLT MONITORING SITES



TABLE 1  FISH PASSAGE CENTER SMOLT MONITORING SITES
1986

Site
Mid-Columbia

Rock Island

Priest Rapids

Snake River

Snake River Trap

Clearwater Trap

Lower Granite

Lower Monumental

Lower Columbia

McNary Dam

John Day Dam

Bonneville

Method Data Gathered (1)

Bypass Trap Brands, Species

Gatewell Dip Brands, Species

Dipper Trap

Scoop Trap

Bypass/Collection

Gatewell Dip

Brands, Species

Brands, Species

Brands, Species

Brands, Species

Bypass/Collection

Airlift Pump

Bypass/Collection

Brands, Species

Brands, Species

Brands, Species

(1) Additional in-season data were obtained from the COE including adult counts,
flow, spill, other project operational data, Lower Monumental, Ice Harbor,
The Dalles, and John Day hydroacoustic monitoring, and Little Goose
collection counts.
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Hydroacoustic monitoring was conducted by the COE at The Dalles, Ice Harbor,

Lower Monumental and John Day (summer only) dams. The COE will report the

results of the hydroacoustic studies.

Data collected at all sites were communicated to the Fish Passage Center and

entered into the National Marine Fisheries Service (NMFS)Fish Passage Data

Information System (FPDIS) daily. These daily entries were considered

preliminary data and were utilized primarily for in-season management decisions

by Water Budget managers and other interested parties. Preliminary data were

compiled into weekly reports and distributed every Friday to 207 parties,

including public and private utilities, federal and state agencies, Indian

tribes, and private individuals. After the data collection and migration

season was completed, data were verified and edited, if necessary. The final

verified data for 1986 mark recoveries at Lewiston, Lower Granite, Lower

Monumental, Rock Island, McNary and John Day Dams will be available in a

separate volume upon request. Daily sample and collection data will be

reported for Lower Granite, Little Goose, and McNary in the 1986 Fish

Transportation and Oversight Team (FTOT) report.

6



III. METHODS

A. Marking Procedures

Fish were marked for survival and travel time evaluation at hatcheries in

the Snake and mid-Columbia rivers. All marking was accomplished using freeze

branding techniques (Mighell, 1969) which employ silver tipped brass branding

rods cooled in a canister containing liquid nitrogen. The brand symbols were

transferred to the fish after exposure to the brand tool for about $ to 1 second.

The nitrogen level was serviced every two hours to assure that the brand tool

was a constant temperature. Study fish were marked by U.S. Fish and Wildlife

Service, Idaho Department of Fish and Game, and Washington Department of

Fisheries.

The branding procedure at Wells State Fish Hatchery took place outdoors

using portable marking equipment. At other hatcheries, marking trailers were

employed as described by Ambrogetti 1976, and Duke 1980. Fish to be branded

were brailed into a holding tank and then supplied to the individual markers as

they were needed. At Wells Hatchery, an intermediate trough buffered with

tricaine methanesulfonate (MS-222) was used to reduce problems and stress of

handling large steelhead. Fish were handled and marked in a consistent manner

to assure that they were exposed to anesthetic for a minimal time period. The

anesthetic solution was constantly diluted due to the activity and number of

fish being handled. Following each two hours of operation, all anesthetic

solution was discarded and a fresh solution placed into each container. The

fish were freeze branded and diverted through a watered conduit to a holding

area prior to release. Undersized fish or precocious males were removed from

the lots and were not marked.

Personnel selected to do the branding generally lived in the vicinity of the

fish hatchery and had varied marking experience. All branders received a brief

7



demonstration and critique of methodology by experienced supervisors. In order

to randomize branding of survival groups, branders rotated among the branding

stations to prevent marking bias. Since fish might originate from different

raceways or ponds within a hatchery, paired test and control groups were

branded at the same time to reduce the possibility that fish in each group would

be different. Further, since the numbers of fish in test groups were greater

than paired controls, the number of people branding each group were adjusted to

maintain the ratio of test to control fish throughout the branding process.

Yearling chinook were marked well in advance of their release dates.

Steelhead and sub-yearling chinook were marked within weeks of their release date.

Hatcheries were chosen to represent major production releases, and to be

representative of the migration as a whole (Table 2). Fish were marked in

sufficient numbers to provide for an adequate number of recoveries, as well as

a good pattern of recoveries at the sampling sites under the established

sampling rates. Approximately 52% of the fish freeze branded in 1986 were done

as part of the SMP (Table 3). Release data for all marked hatchery groups are

provided in the Brand Release Report Tables (Appendix I). Marking dates for

SMP groups are also noted in Table 4.

1. Fish and Brand Quality Observations

After branding was completed at the hatchery, fish were sampled periodically

for assessment of brand and fish quality. Generally, the branded fish were

examined following at least a 5-day lapse after branding to assure that brands

were fully developed. A sample of 100 to 200 fish were observed from a

representative cross section of the marked fish. These fish were anesthetized

with a MS-222 solution. Fish were individually inspected and rated for brand

quality using the categories in Table 5. These categories were developed and

used by sampling personnel throughout marking programs in 1986. Fork length



Release Site
Number
(X1000)Hatchery Species

Snake River

Dworshak Sp.Ch. Dworshak

Sawtooth Sp.Ch. Sawtooth

Rapid River Sp.Ch. Hells Canyon

Rapid River Sp.Ch. Rapid River

McCall Su.Ch. S.Fork Salmon

Dworshak SH Dworshak

Niagra Springs SH Hells Canyon

Hagerman SH (A) E. Fork Salmon

Hagerman SH=(B) Sawtooth

*Lyons Ferry SH Little Goose

*Lyons Ferry SH below Ice Harbor

Lyons Ferry Fa.Ch.(Yr.) Lyons Ferry

Lyons Ferry Fa.Ch.(S.Y.) Lyons Ferry

Subtotal

Mid-Columbia

*Winthrop Sp.Ch.

*Winthrop Sp.Ch.

Leavenworth Sp.Ch.

*Wells SH

*Wells SH

Wells Su.Ch.

Priest Rapids Fa.Ch.(S.Y.)

Ringold Fa.Ch. (Yr.)

*

TABLE 2 SMOLT MONITORING PROGRAM: HATCHERY & RELEASE SITES
1986

41.6

35.9

44.8

44.7

43.5

35.4

51.3

51.8

52.3

60.0

36.0

40.0

80.0

617.3

Winthrop 103.3

Priest Rapids 35.9

Leavenworth 40.0

Pateros 90.0

Priest Rapids 36.0

Wells 100.0

Priest Rapids 199.5

Ringold 50.0

Subtotal 654.7

Total 1,272.0

Groups used to calculate survival estimates to McNary Dam.

9



TABLE 3 Total numbers of freeze branded fish released above Bonneville Dam
in the Columbia River Basin.

Number of Freeze Branded Fish (X 1000)

Release FPC Other In-River
Reach Hatchery Hatchery (Non-hatchery) Totals

Snake 617.3 587.7 96.2 1,301.2

Mid-Columbia 654.7 83.2 178.3 916.2

Lower Columbia* -- -- 239.9 239.9

TOTAL: 1,272.0 670.9 524.4 2,457.3

*
Lower Columbia from McNary to Bonneville Dam

10



TABLE 4 Dates of freeze branding juvenile salmonids at Columbia Basin
hatcheries for the 1986 Smolt Monitoring Program.

Hatchery Species Brand Date Branded

WASHINGTON
Lyons Ferry Steelhead RA-7F-1,3,RD-7F-1 3/25-27/86

LA-7U-1,3,LD-7U-1
Fall Chk RA-7K-1 3/31/86

RA-T-3 5/20,21/86
-------------------------------------------------------------------

Wells Steelhead LA-7N-1,3,LD-7N-1 4/28-5/7/86
RA-7P-1,3,RD-7P-1

Summer Chk RD-s-1 5/12-14/86
------------------------------------------------------------------------

Priest Rapids Fall Chk LA-T-l,4 5/27-31/86
-----------------------------------------------------------------------

Leavenworth Spring Chk LA-7T-1 10/2/85
-----------------------------------------------------------------------------------

Winthrop Spring Chk RA-7C-1,3 RA-7T-3 9/23-27/85
LA-7C-1,3 LA-7U-1

------------------------------------------------------------------------

Ringold Fall Chk RA-7U-3 11/19-20/85

IDAHO
Rapid River Spring Chk LD-Y-1,3 2/10-12/86
---------------------------------------------------------------------------
Sawtooth Spring Chk RD-Y-1 9/30-10/3/85
---------------------------------------------------------------------------------

Dworshak Spring Chk RA-Y-2 11/20/85
Steelhead RD-T-4 4/l/86

---------------------------------------------------------------------------------

McCall Summer Chk RD-Y-3 11/5,6/85
------------------------------------------------------------------------

Hagerman Steelhead LD-T-2,4 3/10,12/86

Niagara Sprgs Steelhead RD-T-2 3/5/86
-------------------------------------------------------------------------
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of each fish was measured to the nearest 5mm. To assess if the branding

operation was biased for fish length, the unbranded source population was also

sampled and measured for fork length. The sample was obtained without

replacing previously inspected fish into the unsampled population.

Later, checks on brand quality were periodically made at the recovery sites.

In these checks, quality codes 3,4, 5, and 6-3 were not useable since marked

fish were mixed with unmarked fish or other mark groups. For the survival

studies, a facet of the assumption of equal sample rates on the test and

control groups is that the brand readability is the same for the two groups.

Naturally, it is also advantageous that the readability be high.

TABLE 5 FREEZE BRAND QUALITY CRITERIA

Category Definition
1. Brand is complete and legible.

2. Brand is legible but defective in some manner. For example, a
non-critical part of the brand is missing or is not well developed
and light.

3. The brand is not legible.

4. The brand rotation or position is wrong.

5. No brand.

6. The brand caused light, moderate, or excessive burning of the fish
or has become ulcered,, recorded as quality code 1, 2, or 3,
respectively.

2. Additional Methods Specific to Survival Groups

A total of 18 distinct mark codes were applied to spring chinook and

steelhead as part of the 1986 survival monitoring program. Numbers of fish,

mark codes, and release sites are listed in Table 6. Mark recapture data for

these groups are presented in Volume II. Mark codes are described in the

format of position-mark-rotation. The position codes are RA for right anterior

and LA for left anterior portions of the fish. Rotation codes designate one of

12



TABLE 6 1986 Smolt Survival Freeze Brands Release Data

Hatchery:
Species:
Brand

RA-7C-1

LA-7C-3

RA-7C-3

LA-7C-1

RA-7T-3

LA-7U-1

Hatchery:
Species:
Brand

LA-7N-1

RA-7P-1

LA-7N-3

RA-7P-3

LD-7N-1

RD-7P-1

Hatchery:
Species:
Brand

Winthrop
Spring Chinook
Code Release Site Release Date

WiTl Winthrop Hatchery April 21

WiC 1 Below Priest Rapids April 21

WiT2 Winthrop Hatchery April 25

wic2 Below Priest Rapids April 25

WiT3 Winthrop Hatchery April 29

WiC3 Below Priest Rapids April 29

RA-7F-1

LA-7U-1

RA-7F-3

LA-7U-3

RD-7F-1

LD-7U-1

Wells
Summer Steelhead
Code Release Site Release Date

WeT1 Effy Bridge,Methow R. May 1

WeCl Below Priest Rapids May 1

WeT2 Effy Bridge,Methow R. May 5

WeC2 Below Priest Rapids May 5

WeT3 Effy Bridge,Methow R. May 9

WeC3 Below Priest Rapids May 9

Lyons Ferry
Summer Steelhead
Code Release Site Release Date

LyTl Below Little Goose April 21

LyCl Below Ice Harbor April 21

LyT2 Below Little Goose April 25

LyC2 Below Ice Harbor April 25

LyT3 Below Little Goose April 29

LyC3 Below Ice Harbor April 29

No. Released

34,466

12,001

34,485

11,989

34,353

11,904

No. Released

29,451

11,780

30,046

11,575

29,992

11,943

No. Released

20,035

11,998

20,063

12,034

20,069

12,018
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four possible rotations starting at zero degrees and incrementing 90 degrees

for each of the subsequent three rotations. For instance, the code RA-7T-02 is

the 7T brand rotated clockwise 90 degrees and applied to the right anterior

part of the fish. To facilitate the following discussion, these codes are

simplified to a text code. In this code, the hatchery is designated by the

initial two letters: '(Wi" signifying Winthrop Hatchery, "We" signifying Wells

Hatchery, and "Ly"" signifying Lyons Ferry Hatchery. This is followed by a T or

C representing test or control group, followed by the replicate number 1,2, or 3.

For instance, the text code LyC2 is the second replicate of the control group

from Lyons Ferry Hatchery. The cross reference of these text codes with the

original freeze brand codes also is listed in Table 6.

Employing normal hatchery practice, the spring chinook from Winthrop

Hatchery were marked in the preceding fall, while the steelhead from Wells and

Lyons Ferry hatcheries were marked just prior to release. Because of raceway

space requirements, the marked control groups at Winthrop Hatchery were held at

a lower density through the winter than were the test groups. This results in

the Winthrop control fish being larger size than the test fish at release. The

branded fish were held in normal concrete hatchery raceways until release at

Winthrop and Lyons Ferry hatcheries, and in portable vinyl raceways at Wells

Hatchery.

Spring chinook test groups from Winthrop Hatchery were released at the

hatchery and were not transported prior to release (Figure 2). Three test

groups were released at four day intervals. Fish were released from the

hatchery by removing the outlet screens and lowering the water level. Control

fish were transported by truck on the same day as the test release to below

Priest Rapids Dam, a distance of 160 miles and a driving time of 3% hours.

Fish were transported in a 1,200 gallon tanker filled with recirculating



Winthrop w-9o+
\Hatchary  0

Lyons
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Washington- - - - -
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FIGURE 2 Mid-Columbia and lower Snake River area showing release sites for______
1986 spring chinook and steelhead survival study.

i5



hatchery water which was kept aerated with oxygen. Density in the transport

truck was 0.7 pounds of fish per gallon of water.

Steelhead test groups from Wells Hatchery were trucked 30 minutes to a release

site located about 10.0 miles upstream from the mouth of the Methow River (Figure 2).

The distance from the hatchery was about 20 miles. Three test groups were

released at four day intervals. Control fish were transported for 2% hours, a

distance of 120 miles to below Priest Rapids Dam. Two loads were required to

transport the control fish below Priest Rapids Dam. One load generally left

the hatchery at about 8 a.m. and the other at 2 p.m. Control groups were

released on the same day as the test groups. Fish were transported in a 1,500

gallon tanks at a density of 1.0 and 0.8 pounds of fish per gallon of water,

for test and control groups, respectively.

Lyons Ferry steelhead test and control groups were trucked to release sites

below Little Goose and Ice Harbor dams in a 5,000 gallon tanker at a density of

0.7 and 0.4 pounds of fish per gallon of water, respectively (Figure 2). The

test group release site was about 10 miles from the hatchery, or about 20 minutes

driving time. Three test groups were released four days apart. Control groups

were trucked to below Ice Harbor Dam, a distance of 55 miles and a driving time

of 90 minutes. Control groups were released on the same day as the test

groups.

At each station, the density of fish in the transport vehicle varied

depending on the truck size and number of fish hauled per load. The fish

hauling densities which were used in 1986 fell within the normal hatchery

criteria for transporting fish. Most hatcheries haul fish at about 1.0 pound

or less of fish per gallon of water.

16



B. Analytical Procedures

1. Magnitude of the Migration

Annual passage indices were established at McNary, Lower Granite, Rock Island,

and John Day dams. The passage index represents the daily estimated collection

of fish at a project divided by the proportion of water passing through the

powerhouse on that day. The second powerhouse flow at Rock Island and the unit

3 flows at John Day and Lower Monumental were used to estimate the passage

index. This procedure was used to correct daily collection totals for changes

in powerhouse operations. This approach is dependent upon the assumption

that collection efficiency of these sampling systems is related in a linear

fashion to the proportion of river flow through the powerhouse. These

corrected indices can be compared with indices for 1984 and 1985 at McNary and

Lower Granite Dams, but only with 1985 indices at Rock Island Dam. Comparisons

to 1985 are valid only for sub-yearling chinook at John Day Dam. These indices

are the annual sums of the daily migration indices for a species. These annual

indices are not estimates of total passage, nor are they comparable between

projects or species within a year. These indices will allow comparisons of the

size of the outmigration between years within a species at individual projects.

2. Smolt Arrival Timing and Duration

The migration of each species past Rock Island, Lower Granite, and McNary

dams was characterized by the date that 1 0 %  50%, and 90% of the population had

passed the project. The median point was used for comparison between species

while the 10 and 90 percent dates illustrate when the bulk of the fish migrate

through that project. These dates are computed by using the passage

index as the basis statistic. The duration of the migration was computed as

the number of days between the 10% and 90% dates of passage at a project.

17



3. Travel Time Determination

Travel time can be viewed as the number of days on average required for fish

to travel a specific river reach. Smolt travel time is determined in two ways.

Travel time was calculated as the number of days between release date and

median date (the date on which 50% of the marked group had passed the project)

of passage at a downstream site. The median was used rather than the average

because the median is less sensitive to extended tails (late mark arrivals)

that occur in mark recovery data. The travel time index was calculated as the

number of days between the median dates of passage at selected recovery points.

The smolt travel time index differs from travel time in that it measures a

fixed river reach outside the influence of the release site. The smolt travel

time index is measured between points located some distance below the point of

release in order to exclude the effect of initial hatchery mortality, migration

delay or other variables which might act to affect the natural migration

response. This will allow statistical comparisons between years relative to

flow and other environmental conditions.

Before determining travel time, the mark recovery distribution was examined

at each of the projects between which travel time was to be computed. This

evaluation looked at size of the recovery sample and whether the pattern of

mark recoveries was representative of the passage past the recovery point. For

each brand group, the number of fish sampled at each recovery site is shown in

Appendix II. Rejection of groups for analysis was primarily due to small

sample sizes. When total number of fish from one brand group is less than 200,

the pattern of the recovery distribution is sometimes very poor. On the other

hand, some marked groups may be accepted with sample sizes as low as 35 to 50

recoveries, because they have a very pronounced distribution over a short time

period with the median date falling on or near peak days of passage. In
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general, all groups with less than 200 recoveries are reviewed to determine if

the recovery distribution is adequate to produce a reliable median date of passage.

The accuracy of travel time estimates from release sites to downstream

recovery points is reduced when release dates are not exact. When groups were

released volitionally or over a period of days, the middle release date or date

when 50% of fish released, respectively, was used in estimating travel time.

Individual and average migration speeds of the marked groups between release

and recovery points and within index reaches were also obtained. Migration speed

eliminates the effect of varying distances marked groups travel and allows

comparison between groups and areas. Speed was calculated by dividing the travel

time in days into the distance traveled in miles. For marked groups traveling

the same distance, average migration speed was computed by dividing the average

travel time into the reach distance. In instances where marked groups are

traveling different distances, a simple average of individual speeds was computed.

The three key travel time index reaches used in 1986 were (i) Rock Island

Dam to McNary Dam in the mid-Columbia; (ii) Lower Granite Dam to McNary Dam in

the Snake River; and (iii) McNary Dam to John Day Dam in the lower Columbia

(Figure 1). When consistent sampling at Bonneville Dam is established, in the

future, the lower Columbia index reach will be from McNary Dam to Bonneville

Dam. Non-key travel time index reaches include Lewiston trap to Lower Granite

Dam, Lower Granite Dam to Lower Monumental Dam, Little Goose Dam to Lower

Monumental Dam, Lower Monumental Dam to McNary Dam, Ice Harbor Dam to McNary

Dam, and Priest Rapids Dam to McNary Dam.

An annual travel time index was calculated for each key index reach by

averaging travel time indices of those marked groups which are treated as

replicates. An annual index of average migration speed was also calculated

within the index reaches.
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The passage index is the basic data used for travel time analysis at

hydroprojects, whereas raw collection numbers are used at Idaho trap sites.

Information on collection efficiencies and mark recaptures at Idaho trap sites

are published in annual reports by Idaho Department of Fish and Game (IDFG)

submitted to BPA.

Travel time determination for steelhead groups from points of release above

Lower Granite to McNary and John Day was limited because of the large number of

fish removed from the river in the transportation program.

4. Survival Studies

The FPC survival monitoring program is designed to determine annual indices

of smolt survival which can be statistically compared year-to-year. Smolt

survival was determined by the indirect method which uses the ratio in proportion

of marks recovered at a downstream sample site for test and control groups. The

test group of marked fish is released at the top of the river reach of interest,

and a control group is released near the bottom of the reach. Both mark groups

are recovered at a downstream collection point, and survival between the test

and control release points is determined as the ratio in the proportion recovered

of the two groups. This technique assumes that both groups are assumed equal

in all respects except for the test group experiencing passage conditions in

the river reach of interest. This implies that both groups are (1) collected

at the recovery site at equal rates, and (2) treated identically prior to release.

It is impossible to fully meet both of these assumptions in any study

design because of logistical and practical considerations. For instance, in

order to meet the first assumption, the release of the control groups can be

delayed relative to release of the test groups so that both migrate past the

collection point simultaneously. While this helps to insure that both groups
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are collected at the same rate, additional stresses resulting from a longer

holding period are placed on the control fish which are not present in the test

groups, thus violating the second assumption. These additional stresses can be

significant. Evidence is available to suggest that the proportion recovered,

and therefore survival, of sequentially released mark groups declines over

time. This may be due to additional holding stresses on the later released

fish (McConnaha and Basham, 1985). Because survival is measured as the ratio

in proportion recovered of test and control groups, this factor may falsely

increase the estimated survival of the test groups.

The relative timing of marking and releasing the test and control groups

affects the degree to which the design assumptions are met. Test and control

fish for each replicate were marked simultaneously with fish from the same

hatchery group. Both test and control fish for a particular replicate were

released on the same day. This was because the increased stress and mortality

in trying to hold actively smolting controls longer at the hatchery in order to

attempt to achieve mixing of test and control fish at the recovery site was

found to be unacceptable in the 1984 and 1985 studies. The goal of mixing is

unattainable when the distances between test and control release are so large.

Since it is impossible to achieve true mixing, a correction for different

powerhouse operation each day was used. The factor used for correcting for

powerhouse operations is the proportion of river flow passing through the

powerhouse on a given day. This assumes a direct and linear, although unknown,

proportionality between collection efficiency and proportion of flow passing the

powerhouse during recovery of the mark groups. Errors involved in making this

assumption appear to be less critical than the error induced by holding actively

smolting control groups in a close environment longer than the test groups.

Statistical error was computed for individual survival estimates and for the
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mean survival of the three replicate estimates. The individual variance was

computed using the second-order Taylor series expansion of the ratio of two

random variables (McKenzie, et.a1.1985), based on the binomal distribution of

recoveries. These variances must be calculated using either raw recovery

counts or adjusted values similar in magnitude. For freeze branded groups

which are sub-sampled at McNary,, this means that variances should be based on

unexpanded sample numbers which have had the flow adjustment mentioned above.

However, since sub-sampling rates do vary between days, it was necessary to

adjust sample counts to a base sample rate of 10% of the collection. This is

equivalent to using a passage index that is l/lOth the magnitude of the

standard FPC passage indices. This index was divided by the number of fish

released in the mark group to provide the proportion of marked group in the

sample. The ratio of these proportions for test and control groups gives the

survival from the test release point to the control release point (Table 7).

Standard error about the mean survival of a group was computed as the

variability among replicate releases.
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TABLE 7 Formula for calculating survival and variance estimate for each
replicate (adapted from McKenzie et al. 1985):

Survival estimate:
s = [(hi) / Nt7 -h- = pT

[(&I)/ NC] & pc

I
ti,ci

= R
ti,ci /('i"i)

Variance Estimate

Var (3) = Var (PT / pc) = $2

where,

2 = Estimated survival of the test group from the test group release
point to the control group release point.

Nt , NC = Number of marked fish in the initial release of the test and
control groups, respectively.

R R=
ti' ci

Number of test and control marks observed in the sample on day i.

1 I =
ti' ci

Collection index of test and control groups on day i.

fi = Proportion of time that the collection system is sampled on day i.

L
i

= The proportion of the river flow passing through the powerhouse on day i.

PT , PC = Proportion of test and control marks collected in a base 10% sample.



IV. RESULTS

A. 1986 Runoff

The 20-year period of 1961 through 1980 has been adopted by the Columbia Bas in

Water Management Group as the basis for determining the average January through

July seasonal runoff. The average January through July runoff for the 1961

through 1980 period is 30.1 million acre feet (MAF) above Lower Granite, 64.8

MAF above Grand Coulee, and 107.0 MAF at The Dalles. Determination of whether

the current year is above or below average is made against this basis.

1. Snake River Drainage

Observed runoff above Lower Granite contributing to the 1986 January - July

runoff total was 36.4 MAF (121% of the 20-year average). This compares to

observed runoff of 43.9 MAF (146% of 20-year average) and 25.2 MAF (84% of

20-year average) in 1984 and 1985, respectively.

Flows at Lower Granite were substantially lower than 1984 levels and higher

than 1985 levels (Figure 3). During the 60-day period from April 15 through

June 15, flows at Lower Granite were below the 85 kcfs level for only 1 day in

1986, whereas flows were below that level 2:

2. Mid-Columbia Drainage

Observed runoff above Grand Coulee contr

days in 1985.

buting to the 1986 January - Ju 1

v

Y

runoff total was 59.6 MAF (92% of 20-year average). This compares to obser

runoff of 52.2 MAF (81% of 20-year average) and 52.1 MAF (80% of 20-year

average) in 1984 and 1985, respectively.

Flows at Rock Island were more similar to 1984 levels than 1985 levels

ed

throughout the spring and summer migration (Figure 3). Flows in 1986 took their

largest dip during the Fourth of July holiday period. Flows through August

were near 100 kcfs most of the time, like in 1984. This was a major

improvement over conditions experienced in 1985, which was one of the lowest

summer flow years occurring in 50 years.
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3. Lower Columbia Drainage

Observed runoff at The Dalles in 1986 was 108.3 MAF, a little above the official

20-year average. This compares to observed runoff of 119.1 M A F  (111% of 20-year

average) and 81.7 MAF (82% of 20-year average) in 1984 and 1985, respectively.

Flows at McNary were consistently lower than 1984 levels and higher than 1985

levels (Figure 3). Average river flows were above the fishery minimum of 220

kcfs most of the 1986 spring migration, except on weekends.

4, Spill Conditions

High levels of spill occurred during the 1986 spring smolt migration due to

high flows from the end of May through the first week of June. This resulted

in high levels of nitrogen gas supersaturation in the lower Snake and lower

Columbia rivers. For a time, spill was transferred from the lower Snake to the

mid-Columbia to alleviate this problem. Overall the impacts of supersaturation

from McNary to the estuary appeared minimal to juvenile and adult salmonids

(Dawley, 1986).

Spill during the 1986 summer migration was limited. From mid-June to

mid-August, spill occurred at The Dalles and John Day dams and from mid-July

to mid-August Wanapum Dam provided spill.

The amount and duration of spill is compared among years for Rock Island,

McNary and Lower Granite dams in Figure 4. In general, 1986 can be viewed as

1984 and low spill of 1985an intermediate spill year between the high spill of

at these projects.

5. Smolt Passage Conditions___

In general, smolt passage conditions during the spring migration appear more

favorable in 1986 than 1985, and less favorable than in 1984. Flows in 1986

were above the fe ishery minimums throughout most of the spring migration. High

nitrogen gas supersaturation levels had minimal impact on juvenile salmonids.

R i v e r  temperatures remained below 60°F throughout the spring migration period

(Figure 5),
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Smolt passage conditions during the summer migration also appear more

favorable in 1986 than 1985, and probably equal to 1984. Flows in July and

August were similar between 1984 and 1986 at McNary, and much better than those

of 1985 (Figure 5). Water temperatures at McNary remained below 70°F until

after mid-August in 1986, whereas temperatures that high appeared about one

week earlier in 1984 and one month earlier in 1985 (Figure 5).

B. Passage Indices

An index of total passage by species for several projects is presented to

permit year-to-year comparison of the magnitude of the outmigration. These

indices are the annual sum of the daily passage indices (daily collection

divided by the proportion of river flow through the powerhouse). The annual

passage indices are not estimates of total passage; but rather, they provide

relative measures of run magnitude. Since collection efficiencies differ among

species and projects, the passage indices are not comparable among projects and

among species within a year. They should, however, provide accurate

comparisons of run size changes over years for a species at a particular point,

provided collection efficiency remains relatively stable among years.

Total 1986 passage indices are reported in Table 8 for Lower Granite, Rock

Island, and McNary dams. These index the outmigration by species for each major

river reach. Comparisons are made with 1984 and 1985 passage indices. How

large a relative change between two annual passage indices must be in order to

be considered significant is not know-n. However, it appears that changes of

less than 25% are probably minor, 25 - 99% are moderate, and over 100% are

major changes in run magnitude.

Much smaller changes in the annual passage indices at Lower Granite occurred

between 1985 and 1986 than had occurred between 1984 and 1985. Minor changes

between 1985 and 1986 were: a 7% decrease for yearling chinook, and increases
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TABLE 8 Total Passage Indices at Columbia Basin Projects 1984 - 1986.

Project

Lower Granite

Yrlg. Chk.

Sub-Yrlg. Chk.

Steelhead

Sockeye

Coho

Rock Island

Yrlg. Chk.

Sub-Yrlg. Chk.

Steelhead

Coho

Sockeye

McNary

Yrlg. Chk.

Sub-Yrlg. Chk.

Steelhead

Coho

Sockeye

1986 1985 1984
Collection Index Collection Index Collection Index

1,620,361 1,645,170

53,576 55,098

3,094,104 3,274,159

7,199 7,624

20,479 26,116 32,399 38,891 N/A N/A*

44,799 72,981 21,082 24,374 N/A N/A

31,108 38,893 30,129 34,254 N/A N/A

48,516 59,305 12,037 13,654 N/A N/A

31,286 42,811 31,202 36,804 N/A N/A

2,486,407 2,917,112

6,049,724 6,615,443

716,337 878,295

80,422 111,175

796,855 1,043,376

1,742,244 1,768,547 828,332

44,008 44,008 97,639

2,689,579 2,803,144 1,114,740

6,467 6,519 11,152

256

1,112,829

132,582

1,589,910

15,803

--

2,952,613 3,116,140 1,261,187 2,085,232

6,524,570 6,531,412 4,098,004 5,348,554

840,037 881,698 610,511 1,051,936

71,752 72,107 82,144 149,250

1,029,832 1,075,970 191,930 315,313

*
Rock Island monitoring was not continuous in 1984.
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of 25% for sub-yearling chinook, 17% for steelhead, and 17% for sockeye. The

increase in sub-yearling chinook may be attributed to the approximately 380,000

age 0 spring chinook of yearling size released in the Grande Ronde River from

Irrigon Hatchery in mid-June. Moderate changes between 1984 and 1985 were:

increases of 59% for yearling chinook and 76% for steelhead, and decreases of

67% for sub-yearling chinook and 59% for sockeye.

A continuing problem at Lower Granite (and, indeed, at all projects) is the

differentiation between yearling and sub-yearling chinook. At the start of

1986 sampling season, size was used as the main differentiation criteria.

However, with the release of large size sub-yearling spring chinook in the Grande

Ronde River from Irrigon Hatchery during June, a change was made to the use of

morphological characteristics to separate this hatchery stock from yearling

chinook stocks. This created additional difficulty in the classification of

smolts at the project. Originally, morphological characteristics have been

used to separate fall chinook and spring chinook races; now they are being used

to separate hatchery stocks within a given race. In 1985, no firm criteria for

separation was established, which probably resulted in the use of a combination

of size and morphological characteristics as criteria.

A large increase in the annual passage indices at Rock Island occurred between

1985 and 1986 for sub-yearling chinook and coho. The 1986 annual passage index

increased 199% over the 1985 level for sub-yearling chinook, and 334% for coho.

Passage indices decreased  33% for yearling  chinook  and increased  14% for

steelhead  and 16% for sockeye. The decrease  in yearling  chinook  cannot be

attributable to changes in spring chinook releases from Leavenworth and Winthrop

hatcheries, since nearly  identical  numbers  were released. As discussed  later

in Section V, higher spill efficiency than assumed in the passage index

adjustment  may account  for some of this difference. The reason  for the
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three-fold increase in the sub-yearling chinook passage index may have resulted

from the high spring flow causing a great proportion of wild as well as hatchery

fish to be collected (Steve Hayes, Chelan PUD, personal communication). The

four-fold increase in coho is attributable to the four-fold increase in numbers

of coho released on-site at Rocky Reach Hatchery in 1986.

Only minor changes in the annual passage indices at McNary occurred

between 1985 and 1986, with the exception of coho. The changes between 1985

and 1986 were decreases of 6% for yearling chinook, 0.4% for steelhead, and 3%

ior sockeye, and increases of 1% for sub-yearling chinook and 54% for coho.

Since the majority of the coho reared at Rocky Reach Hatchery were outplanted

in the Yakima River in 1985, the magnitude of the change in passage indices

between years at McNary was much smaller than that at Rock Island.

Much larger changes in the annual passage indices at McNary occurred between

1984 and 1985. Increases of 49% for yearling chinook, 22% for sub-

yearling chinook, and 241% for sockeye, and decreases of 16% for steelhead and

52% for coho were measured for those years.

C. Migration Timing

1. Snake River Traps

T h e first indication of fish movement out of the upper Snake system is

provided by the traps located on the Clearwater and Snake Rivers near Lewiston,

Idaho, operated by the IDFG. Further details on the operation of these traps

ir: 1986 w i l l  be provided  in an annual report  from IDFG. For the Smolt

Monitoring  Program,   both of these traps provide qualitative information on

smolt movement, and the information is largely used for in-season management of

downstream projects. The Clearwater and Snake River traps operated continuously

from March 12 to May 27, and March 15 to May 29, respectively, until they were

removed due to high water condi ions. The Snake River trap was operated again
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beginning June 17 for a 10-day period. The Clear-water trap peak collections

were within days of the release of Dworshak Hatchery spring chinook and

steelhead. The Lewiston trap exhibited major peaks for yearling chinook

passage on April 3, 14, and 24 (Figure 6). Because of non-continuous sampling

during the migration, 1 0 %  SO%, and 90% passage dates are not presented.

2. Lower Granite

Sampling at Lower Granite extended from April 5 through July 24, 1986.

Juvenile salmonid passage dates and duration of migration are listed in Table 9

for all salmonid species present except sockeye and coho. Sockeye were present

throughout the spring migration, but in numbers too low to reliably discuss

dates of 10%, 50%, and 90% passage for comparison among years. Very few coho

were sampled in 1984 and 1986 and none were sampled in 1985.

Yearling chinook passage peaked about two weeks earlier in 1986 than in 1984

and 1985; however, the date of median passage was only 5 to 7 days earlier in

1986 (Figure 7). Sub-yearling chinook migration peaked on June 29th in 1986,

midway between the date of peaking in 1984 and 1985 (Figure 8). The

sub-yearling chinook passage occurred in 1986 after the high runoff period

ended.

The 1986 steelhead peak occurred one day earlier than in 1985, and 8 days

earlier than in 1984; the median passage in 1986 was 4 days earlier than in

both prior years (Figure 9). The steelhead migration exhibited a bimodal

distribution in 1985 and 1986 with high passage indices early and late in May

and a significant dip during mid-May.
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TABLE 9 Juvenile Salmonid Passage Dates at Lower Granite Dam, 1984 - 1986.

Peak 10% 50%
80% Passage

90% Duration

Chinook Yearling 4/16 4/10

Chinook Sub-Year. 6/29 6/10

Steelhead 5/7 4/27

Chinook Yearling 4/26 4/15

Chinook Sub-Year. 7/9 6/11

Steelhead 5/6 5/3

Chinook Yearling 5/2  4/20

Chinook Sub-Year. 6/17 4/25

Steelhead 5/15 4/30

1986

4/23

6/29

5/11

1985

4/30

7/3

5/15

1984

5/l

5/24

5/15

5/21 41 days

7/16 36 days

5/31 34 days

5/24 39 days

7/13 32 days

5/31 28 days

6/10 51 days

6/30 66 days

6/2 33 days
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3. Rock Island

Sampling of the second powerhouse bypass system at Rock Island began on

April 1 and continued through August 31. Juvenile salmonid passage dates and

duration of migration are shown in Table 10. The collection facility was not

in full operation in 1984; therefore, no 1984 data are available for

comparative purposes.

The yearling chinook migration at Rock Island was later in 1986 than 1985

(Figure 10). This was due to the later release in 1986 of spring chinook from

federal hatcheries on the Wenatchee, Entiat, and Methow rivers. Even though

the hatchery releases were later, the median and 90th percentile dates of

passage were very similar for both years.

The sub-yearling chinook migration was earlier in 1986 (Figure 11) because

the sustained high flow and spill during the first 10 days of June moved many

sub-yearling wild and hatchery chinook from Wells Hatchery, the Methow,

Okanogon and Wenatchee rivers quickly passed the upper projects. A comment on

the June 1 daily data entry log at Rock Island read, "95% of sub-yearling

chinook were less than 45mm--most of them had barely buttoned up".

The steelhead passage was very similar between 1985 and 1986 (Figure 12),

whereas the coho passage occurred about one week earlier in 1986 (Figure 13).

Coho passed through in a relatively short time span, shortly after their release

from Rocky Reach Hatchery, which is the only coho release in the mid-Columbia.

Sockeye salmon peaked only 5 days later in 1986 than 1985, yet the date of

median passage was over one month later in 1986 (Figure 14). This occurred

because of a shift in dominance of the overall run from one stock to another in

1986. Sockeye from Lake Osoyoos, which peaks at Rock Island in mid to late

May, dominated the run in 1986; whereas sockeye from Lake Wenatchee, which

peaks at Rock Island in mid-April, dominated the run in 1985 (Peven, C.M.,1986).
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TABLE 10 Juvenile Salmonid Passage Dates at Rock Island Dam, 1985 and 1986.

Chinook Yearling 5/7 4/24

Chinook Sub-Year. 6/6 6/3

Steelhead 5/21 5/11

Coho 5/21 5/16

Sockeye 4/20 4/20

Chinook Yearling 4/16 4/16

Chinook Sub-Year. 6/19 6/09

Steelhead 5/23 5/11

Coho 5/24 5/23

Sockeye 4/14 4/13

Peak 10% 50%
80% Passage

90% Duration

1986

5/6

6/10

5/20

5/21

5/22

1985

5/07

7/10

5/22

5/28

4/18

5/23 29 days

7/24 51 days

5/29 18 days

5/28 12 days

6/3 44 days

5/22 36 days

8/08 60 days

6/02 22 days

6/05 13 days

5/29 46 days
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4. McNary Dam

Sampling at McNary Dam in 1986 began on March 26 and ended on September 26. No

limited gatewell dipping was conducted in October in 1986 as had been done in

1985. Juvenile salmonid passage dates and duration of migration are listed in

Table 11.

The timing of the yearling chinook migration past McNary Dam in 1985 and

1986 was similar (Figure 15). Also, each percentile of the passage

distribution was only 1 day apart for both years. The shape of the yearling

chinook migration curve at McNary remained markedly bimodal, with the first

peak occurring on April 7 for each year, and the second and largest peak

occurring on May 13 for 1984 and 1985, and on May 11 for 1986. The first peak

is dominated by yearling fall chinook from Ringold and Lyons Ferry hatcheries;

the second peak by spring chinook from the mid-Columbia and Snake Rivers.

The sub-yearling chinook migration began about 10 days earlier in 1986 than

in 1985 due to the high flows during late May and early June, which moved

hatchery and wild sub-yearlings more quickly through the mid-Columbia and lower

Snake River (Figure 16). The increase in number of small sub-yearling chinook

45-55mm in length was very evident compared to recent years. Johnsen, et.al.

(1986) observed that approximately 75% of the sub-yearling chinook collected at

McNary between June 1 and June 17 were chinook fry, The 1986 migration curve

is bimodal, with much lower passage occurring during the June 29 to July 12

period than occurred in 1985.

The 1986 steelhead migration passed McNary over a slightly shorter time span

relative to the 1984 and 1985 migration (Figure 17). The coho migration

occurred about two weeks earlier in 1986 than 1985, and was similar in timing

to that in 1984 (Figure 18). The sockeye migration occurred about the same

time each year (Figure 19).
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TABLE 11 Juvenile Salmonid Passage Dates at McNary Dam, 1984 - 1986.

Chinook Yearling 5/11

Chinook Sub-Year 7/22

Steelhead 5/23

Coho 5/23

Sockeye 5/23

Chinook Yearling 5/13

Chinook Sub-Year 7/13

Steelhead 5/26

Coho 6/11

Sockeye 5/26

Chinook Yearling 5/21

Chinook Sub-Year 7/17

Steelhead 5/7

Coho 5/25

Sockeye 5/07

Peak 10% 50%
80% Passage

90% Duration

1986

4/10 5/10

6/8 7/10

4/29 5/18

5/20 5/28

5/l 5/23

1985

4/11 5/11

6/17 7/09

4/25 5/22

6/03 6/11

4/30 5/20

1984

4/23 5/11

6/07 7/15

4/27 5/19

5/19 5/25

5/02 5/16

5/26 46 days

8/l 54 days

6/3 35 days

6/8 19 days

6/6 36 days

5/27 46 days

7/24 37 days

6/06 42 days

6/13 10 days

6/08 39 days

5/25 32 days

8/11 70 days

6/05 39 days

6/04 16 days

6/13 42 days
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5. John Day Dam

Sampling at John Day Dam began on March 28 and ended on October 30.

Juvenile salmonid passage dates and duration of migration for 1986 are shown

in Table 12. The migration timing and duration of period of 80% passage was

very similar at John Day and McNary for yearling chinook, steelhead, coho and

sockeye, indicating that these species do not reside long in John Day pool

during their downstream migration. For sub-yearling chinook, 10% passage was

achieved on the same date at both projects, and 90% passage was over 3 weeks

later at John Day. This greater duration of the middle 80% passage at John Day

is indicative of a longer residence period of sub-yearling chinook in John Day

pool as compared to the other species.

TABLE 12 Juvenile salmonid passage dates at John Day for 1986.

80% Passage
Peak 10% 50% 90% Duration- -

Chinook Yearling 5/21 4/18 5/14 5/28 40 days

Chinook Sub-Yrlg 8/12 6/8 7/22 8/24 77 days

Steelhead 5/30 4/25 5/18 6/3 39 days

Coho 5/29 5/22 5/29 6/7 16 days

Sockeye 5/25 5/3 5/23 6/4 32 days

The yearling chinook migration timing was earlier in 1986 than the previous

two years (Figure 20). From June 4 to 20, chinook fry accounted for about 60%

of the sub-yearling chinook collection (Johnsen, et.al., 1986). High flows

early in June apparently were moving many wild fall chinook quickly through

John Day pool.
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D. Travel Time of Marked Groups

Marked groups of yearling and sub-yearling chinook and steelhead are

released in the Snake and mid-Columbia rivers under the SMP to provide

information on smolt travel time and speed. The same groups are used each

year so that comparable data is collected for assessing travel time versus

flow relationships over a period of years. For this purpose, travel time is

annually indexed between Lower Granite and McNary, Rock Island and McNary,

and between McNary and John Day dams. In addition, travel time estimates

for marked hatchery and in-river groups from other research programs are

presented for comparison to the SMP groups.

1. Snake River

Travel time was computed in the Snake River drainage from release site to

Lower Granite and McNary dams, within the index reach from Lower Granite to

McNary, and between other recovery sites when adequate recovery numbers were

available. Within the index reach, Lower Granite, Little Goose, and McNary dams

have juvenile salmonids bypass collection facilities and a transportation

program aimed at steelhead and sub-yearling chinook. Therefore, few FPC marked

steelhead are collected below Little Goose Dam. The other two projects within

the index reach, Lower Monumental and Ice Harbor dams, have spill programs to

assist migrating salmonids passed these projects since they have no bypass system.

a. Spring/Summer Chinook

Travel time of the five SMP groups from release sites to Lower Granite Dam

ranged from 14 to 37 days, and migration speed ranged from 3.8 to 12.6 miles

per day (Table A). The average speed was 8.7 miles/day for the 5 groups. Of

these groups,Dworshak Hatchery spring chinook exhibited the slowest migration

speed of 3.8 miles/day. The other 4 groups had an average speed of 9.9 miles/day.

A travel time index was obtained between Lower Granite and McNary Dams for
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Table A. YEARLING CHINOOK TRAVEL TIME FRDM RELEASE SITE IN THE SNAKE RIVER DRAINAGE TO LDUER GRANITE 

WEDIAN ---fj0~ pA.CjQGE------ 

PASSAGE RELEASE ARRIVAL DAYS OF RIVER AVE.SPEED DISTANCE 
BRAND RELEASE SITE I RELEASED INDEX DATE DATE TRAVEL FLOW* (MILES/DAY) TRAVELED 
------"_-_------------- _----_--__------------------"- -----i-------------------u--------- --------------------------- 
RD-Y-1 SAWTOOTH HATCHERY 35,651 2,270 ll-Mar 23-Apr 37 97.93 12.6 165.2 
RD-Y-3 S.F.SALMON RIVER 43,487 6,109 27-k 02-May 36 89.26 7.9 284.5 
LD-Y-1 RAPID RIVER 44,692 10,606. OC-Apr 19"Apr 14 88.36 12.4 173.6 
LO-Y-3 HELLS CANYON lb,754 9,905 26-M& ll-Apr 21 91.84 6.6 139.5 
RA-Y-2 DWCRSHAK HATCHERY 40,675 4,733 02-Apr 21-Api 19 92.25 3.6 73.1 

* River flow is tha average flow for 7 days around the 50% arrival date at Lower Granite. 

'able 8. YEARLING CHINOOK INDEX TRAVEL TIME FROM LOWER GRANITE TO MCNARY 
(INDEX DISTANCE IS 139.8 MILES) 

PASSAGE INDICES 50% PASSAGE DATE INDEX 
__..______-_______ .e____.... . ___---____ TRAVEL RIVER AVE. SPEED 

BRAND RELEASE SITE ll RELEASED LGR MCN LGR MCN TIME FLOW * (MILES/DAY) 
______-_----------_-------------"---- ________-___--_---___________I__________--------------------------------- 
RD-Y-l SAWTOOTH HATCHERY 35,851 2,270 150 23-Apr 02-May 9 93.23 15.5 
RD-Y-3 E.F.SALMON RIVER 43,487 6,109 2,064 OP-May 15-May 13 99.33 10.8 
ID-Y-1 RAPID RIVER 44,692 10,608 3,260 1%ADr 04&May 15 93.23 9.3 
LD-Y-3 HELLS CANYON 44,754 9,908 3,475 16-Apr 28-Apr 12 100.75 11.7 , 
RA-Y-2 DWORSHAK HATCHERY 40,675 4,733 3,997 21-Apr 11-May 20 96.59 7.0 

L River flow is the average flow for '7 days around the estimated 50% arriva date at Ice Harbor. 

'able C. YEARLING AND SUDYEARLING CHINOOK TRAVEL TIME FROM RELEASE SITE IN THE SNAKE RIVER DRAINAGE TO MCNARY 

MEDIAN -------50% PASSAGE------- 

PASSAGE RELEASE ARRIVAL DAYS OF RIVER AVE SPEED DISTANCE 
ERAND RELEASE SITE t RELEASED INDEX DATE DATE TRAVEL FLOW A (MILES/DAY) TRAVELED 
---------------------------------i----------------------------------~-------------------------------------------------- 

RD-Y-1 
RD-Y-3. 
LD-Y-1 
ID-Y-3 
RA-Y-2 
RA-?K-! 
RA-A,F,PI,R* 
LA-A,F,PI,R* 
RD-A,F,PI,R' 
LA-P-l* 
!&P-2” 
LA-P-3* 
LA-W-~* 
LA-W-2* 
,&+w-3** 

RA-T-3 

SAWTOOTH HATCHERY 
S.F.SALMON RIVER 
RAPID RIVER 
HELLS CANYON 
DWORSHAK HATCHERY 
LYONS FERRY HATCt!ER" 
BELOW LOWER GRANITE 
BELOW LOWER GRANITE 
BELOW LOWER GRANITE 
BELOW LITTLE GOOSE 
SELOW LITTLE GOOSE 
8ELOW LITTLE GOOSE 
BELOW LITTLE GOOSE 
8ELOW LITTLE GOOSE 
SELOW LITTLE GOOSE 

LYONS FERRY HATCHERY 

YEARLING CHINOOK 
35,851 750 17"Mar 02-May 
43,487 2,064 27-Mar 15-May 
44,692 3,260 05-Apr 04-May 
44,754 3,475 26-Mar 28-Apr 
40,675 3,997 02-Aor ll-May 
40,168 i5.3'1 02-Aor 27-AO~ 
54,000 8,886 27-Mar OS-May 
54,000 8,108 30-Mar 01-May 
54,000 8,421 02-ADr 02-May 
5,000 1,970 IO-Apr 22-Apr 
5,000 3,524 13-Aor 27-Apr 
5,104 1,875 16-Aor 28-Aor 
5,000 2.318 22-Aor 03-May 
5,000 1,809 25-Aor 06-May 
5,000 2,119 30-Aor lo-May 

SUB-YEARLING CHINOOK 
81,003 19,570 lo-Jun 26-Jun 

46 
49 
29 
33 
39 
25 
39 
32 
30 
12 
14 
12 
'1 
11 
10 

i6 94.64 5.7 91.4 

95:91 
100.51 
89.43 

100.21 
92.55 
96.2' 

100.21 
95.16 

100.21 
91.43 
95.16 

100.21 
95.91 
89.06 
96.59 

13.2 
8.7 

10.8 
8.5 
5.5 
3.7 
3.6 
4.4 
4.7 
8.4 
7.2 
8.4 
9.2 
9.2 

?O. 1 

605 
424.3 
313.4 
279.3 
212.9 
9! .c 

1 ;:.a 
!39.8 
139.8 

101 
101 
101 
101 
101 
101 

* River Fiow is the average flow for 7 aays around the estimated 50% oassage date at Ice Harbor. 
* Yen-SMP marked groups. 
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these 5 groups of yearling chinook (Table B). The travel time index ranged

from 9 to 20 days and averaged 13.8 days. The migration speed ranged from 7.0

miles per day to 15.5 miles/day and averaged 10.1 miles/day. The Dworshak

group exhibited the slowest migration speed in this reach also.

The overall travel time of these groups from release sites to McNary Dam was

from 29 to 49 days (Table C). The migrations speed ranged from 5.5 to 13.2

miles/day and averaged 9.3 miles/day.

Four of the five SMP yearling chinook salmon index groups were recaptured

in adequate numbers at Lewiston or Clearwater trap and Lower Monumental to

allow calculation of travel time in additional segments between Lewiston, Idaho

and John Day Dam. Travel time was calculated from Lewiston, Idaho to Lower

Granite Dam, Lower Granite to Lower Monumental Dam, Lower Monumental to McNary

Dam, and McNary to John Day Dam (an index reach). Migration speed for yearling

chinook increased in each of these reaches, averaging approximately 2.6 miles/day,

8.0 miles/day, 10.8 miles/day, and 25.5 miles/day, respectively, as the fish

moved down the river (Table D).

These speeds agree with the rates observed for other non-SMP in-river and

hatchery groups. In-river fish marked at Lewiston trap traveled to Lower

Granite Dam at an average speed of 2.5 miles/day (Table E), which is very close

to the 2.6 miles/day average of the SMP hatchery groups. In-river fish

released as transportation study controls below Little Goose Dam and hatchery

fish releases from the Lower Granite Dam survival studies traveled at an

average speed of 10.8 miles/day, respectively, between Lower Monumental and

McNary dams (Table G), which is identical to that of the five SMP hatchery

index groups. The similarities in speeds between SMP and non-SMP groups in the

McNary to John Day reach are discussed later under Lower Columbia.
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TABLE D Travel time of yearling chinook in subsections of the Snake River 
and lower Columbia between Lewiston, Idaho and John Day Dam . 

Reach 

LEW--LGR 

(32.2 miles) 

LGR--LMN 

(66.2 miles) 

LMN--MCN 

(73.6 miles) 

MCN--JDA 

(76.4 miles) 

Rapid River H. McCall H. 

Rapid,River Hells Canyon SF Salmon 

LD-Y-1 LD-Y-3 RD-Y-3 

days 9 13 9 

speed 3.6 2.5 3.6 

days 8 7 5 

speed 8.3 9.5 13.2 

days 7 5 8 

speed 10.5 14.7 9.2 

days 2 4 N/A 
speed 38.2 19.1 -- 

Dworshak H. 

NF Clearwater 

RA-Y-2 

18 

1.8 

13 

5.1 

7 

10.5 
** 

** 

AVGb 

12.3 

2.6 

8.3 

8.0 

6.8 

10.8 

3.0 

25.5 

a Data compiled from Tables E, F, G, and S. 

b Average speed calculated as average travel time in days divided into reach 

distance. 

** 
Poor recovery distribution --bimodal with median in trough between modes 

resulting in unreliable travel time estimate of one day and speed of 

migration of 76.4 miles/day. These data are excluded from average column. I 
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Table E. YEARLING CHINOOK TRAVEL TIME FROM LEWISTON TO LOWER GRANITE
(INDEX DISTANCE IS 31.2 MILES)

PASSAGE INDICES 50% PASSAGE DATE INDEX
_________________ __________________ TRAVEL RIVER AVE.SPEED

BRAND RELEASE SITE # RELEASED LEW LGR LEW LGR TIME FLOW ^ (MILES/DAY)
----------------------------------------------------------------------------------------------------------------------------------------------

RD-Y-3 S.F. SALMON RIVER 43,487 189 6,109 23-Apr OP-May 9 89.26 3.5
LD-Y-I RAPID RIVER 44,692 542 10,608 10-Apr 19-Apr 9 88.38 3.5
LD-Y-3 HELLS CANYON 44,754 370 9,908 03-Apr 16-Apr 13 91.84  2.4
RD-K-l* BELOW LEWISTON TRAP 2,793 N/A 581 02-Apr 15-Apr 13 94.23 2.4
RD-K-2* BELOW LEWISTON TRAP 1,596 N/A 606 06-Apr 23-Apr 17 97.93 1.6
RD-K-3' BELOW LEWISTON TRAP 2,743 N/A 463 11-Apr 22-Apr 11 95.03 2.6
RA-K-2* BELOW LEWISTON TRAP 2,421 N/A 348 27-Apr 06-May 9 95.65 3.5

* Non-SMP marked groups. Median date of release was assigned for Lewiston trap.
^ River Flow is the average ilow for 7 days around the 50% passage date at Lower Granite.

Table F. YEARLING CHINOOK TRAVEL TIME FROM LOWER GRANITE TO LOWER MONUMENTAL
(INDEX DISTANCE IS 66.2 MILES)

PASSAGE INDICES 50% PASSAGE DATE INDEX
----------------- ----------------------- TRAVEL RIVER  AVE.SPEED

BRAND RELEASE SITE # RELEASED LGR LMN LGR LMN TIME FLOW ^   (MILES/DAY)
------------------------------------------------------------------------------------------------------------------------------------------------

RD-Y-3 S.F. SALMON RiVER 43,487 6,109 189 02-May 07-May 5 97.79 13.2
LO-Y-1 RAPID RIVER 44,692 10,608 542 19-Apr 27-Apr 8 103.03 8.3
LD-Y-3 HELLS CANYON 44,754 9,908 370 16-Apr 23-Apr 7 97.63 9.5
RA-Y-2 DWORSHAK HATCHERY 40,675 4,733 546 21-Apr 04-May 13 93.84 5.1

^ River Flow is tne average flow for 7 days around the 50% passage date at Lower Monumental.

Table G. YEARLING CHINOOK INDEX TRAVEL TIME FROM LOWER MONUMENTAL TO MCNARY
(INDEX DISTANCE IS 73.6 MILES)

PASSAGE INDICES 50% PASSAGE DATE  INDEX
----------------- ------------------ TRAVEL

BRAND RELEASE SITE # RELEASED       LMN   MCN      LMN     MCN     TIME
------------------------------------------------------------------------------

RD-Y-3 S.F.SALMON  RIVER 43,487 189 2,064 Ol-May 15-May         8
LD-Y-l      RAPID RIVER 41,692   542 3,260 27-Apr  Ol-May     7
LD-Y-3 HELLS CANYON 44,754 370 3,475 23-Apr 28-Apr 5
RA-Y-2 DWORSHAK HATCHERY 40,675 546 3,997 Ol-May 1 l-May 7
RA-A,F.PI,R* LOWER GRANITE DAM 54,000 997 8,886 27-Apr 05-May 8
LA-A,F.PI.R* LOWER GRANITE DAM 54,000 862 8,108 26-Apr 01-May 5

RD-A,F,PI,R* LOWER GRANITE DAM 54,000 1,029 8,421 26-Apr  02-May 6
LA-P-1* BELOW LITTLE GOOSE 5,000 418 1,970 15-Apr 22-Apr 7
LA-P-2* BELOW LITTLE GOOSE 5,000 615 3,524 19-Apr 27-Apr 8
LA-P-3* BELOW LITTLE GOOSE 5,104 216 1,875 21-Apr 28-Apr 7
LA-W-l* BELOW LITTLE GOOSE 5,000 308 2,318 26-Apr 03-May 7
LA-W-2* BELOW LITTLE GOOSE 5,000 244 1,809 29-Apr OC-May 7
LA-W-3* BELOW LITTLE GOOSE 5,000 344 2,119 04-May IO-May 6
RA-7K-1 LYONS FERRY HATCHERY 40,168 1,248 15,311 16-Apr 27-Apr 11

RIVER AVE. SPEED
FLOW ^ (MILES/DAY)
--------------------------------------

100.51 9.2
89.43 10.5

101.01 14.7
101.03 10.5
89.43 9.2
95.91 14 7

95.91 12.3
90.15 10.5
96.56 9.2
100.75 10.5
93.23 10.5
89.68  10.5
96.90 12.3
91.33 6.7

* Non-SMP marked groups.
^ River Fiow is the average flow for 7 days around the estimated 50% passage date at Ice Harbor.



b. Yearling and Sub-Yearling Pall Chinook 

A release of marked yearling fall chinook from Lyons Ferry Hatchery was slow 

to move out of Lower Monumental pool. Although the first of the migration 

passed Lower Monumental Dam in about two days, the overall migration was slow, 

resulting in the median passage occuring two weeks later. Travel speed from 

Lower Monumental to McNary Dam increased to about 6.7 miles/day (Table G). 

A release of marked sub-yearling chinook salmon from Lyons Ferry Hatchery 

traveled to McNary in 16 days based on the median passage at McNary (Table C) 

with a migration speed of 5.7 miles/day. No travel time estimate between Lower 

Monumental and McNary dams was made since the dates of 25%, 50%, and 75% 

passage at Lower Monumental were later than those dates at McNary. 

c. Steelhead 

.Travel time for the four SMP marked groups from release site to Lower Granite 

Dam ranged from 10 to 50 days, depending on distance travelled, and migration 

speeds ranged from 5.7 to 13.9 miles/day (Table H). Pooled replicate releases 

made at three additional sites for non-SMP hatchery groups show travel times 

ranging from 23 to 33 days and speeds ranging from 3.2 to 6.7 miles/day. 

The average speed of the SMP groups was 9.1 miles/day, about twice the speed of 

the non-SMP hatchery groups whose average speed was 4.6 miles/day. 

Since the majority of the steelhead migration from the upper Snake River is 

transported at Lower Granite and Little Goose dams, very few upper Snake River 

hatchery marked steelhead are recovered at Lower Monumental, McNary, and John 

Day dams. Therefore, only Grande Ronde and Dworshak groups are shown in Table 

I for travel time in the index reach from Lower Granite to McNary Dam. Index 

travel time ranged from 7 to 9 days and averaged 8 days. Migration speeds in 

the index reach ranged from 15.5 to 20 miles/day and averaged 17.5 miles/day, 

which is 73 percent faster than yearling chinook in this reach. 
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Table H. STEELHEAD TRAVEL TIM5 FRON RELEASE SITE TO LOWER BRANITE 

MEDIAN -------5Dl; pASSA@---- 
PASSAGE RELEASE ARRIVAL DAYS OF RIVER 

HAND RELEASE SITE 
AVE SPEED DISTANCE 

6 RELEASED INDEX DATE DATE TRAVEL FLOn * (MILES/DAY) TRAVELED 

LO-T-2 SAWTOOTH HATCHERY 
LD-T-4 E.F.SALWON RIVER 
LA, RA-J-l, 3* WALLOWA HATCHERY 
RD-T-2 HELLS CANYON 
RA-J-2,4* LITTLE SHEEP CREEK 
RA-IJ-1,3,4* GRANDE RONDE RIVER 
RD-T-4 DWORSHAK HATCHERY 

52,300 
51,325 
59,134 
51,328 
26,457 
60,000 
35,025 

.------r--r--------‘--,,,,,,,,,,,L--,-,--------------.-------------- 

4,260 OO-Apr Z&Way 49 146.33 9.5 465.2 
1,619 06-Apr 20-Nay 50 ‘146.33 5.7 264.5 
5,067 02-May 29-May 27 162.05 6.7 182 
5,166, 27-Apr 07-May 10 90.24 13.9 139.5 
2,539 27-Apr 30-May 33 178.05 3.2 107 

14,619 27-Apr 20-May 23 102.61 3.9 90.2 
7,fOS Ol-Hay ll-May 10 93.26 7.3 73.1 

* River flow is the average flow for 7 days around the 501; arrival date at Lower Granite. 
* Non-SMP marked groups. 

Table I. STEELHEAD INDEX TRAVEL TIME FROM LOWER GRANITE TO MCNARY 
(INDEX DISTANCE IS 139.8 MILES) 

PASSAGE INDICES 50% PASSAGE DATE INDEX 
--------------...?- ~~----c-------~c~~ 

SRAND 
TRAVEL RIVER AVE. SPEED 

RELEASE SITE 3 RELEASED LGR MCN LGR MCN TIME FLOW * (MILES/DAY) 
“““‘------“-------------------~-----------------------------------~-------------------“--------------~---- 

RA-IJ-1,3,4* GRANDE RONDE RIVER 60,000 14,619 
RD-T-4 DWOkSHAK HATCHERY 

1,264 20-May 27-May 7 1lb.81 20.0 
35,025 7,606 547 I?-May 26-May 9 109.99 15.5 

* River flow is the average flow for 7 days arouna the estimated 5C% arrival date at ice harbor. 
* Non-SWP aarked grouts. 
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Travel time and speed of migration from release site to McNary Dam are shown

in Table J. Lyons Ferry Hatchery groups released at the same location

exhibited very similar travel times, never differing by more than 4 days. The

speed of Lyons Ferry hatchery releases in the Tucannon River averaged 5.9 miles/day,

below Little Goose Dam averaged 5.1 miles/day, on-site averaged 4.4 miles/day

and below Ice Harbor averaged 3.8 miles/day. The speed of in-river steelhead

released below Little Goose Dam as part of the COE transportation studies

averaged 15.2 miles/day. This is approximately three times faster than the

Lyons Ferry Hatchery fish released in the same vicinity. The in-river groups

consist of fish from upper Snake River hatcheries or wild stocks, which have

been already actively migrating for a period of time before they were marked

and released. For in-river fish released over slightly more than a month period,

a trend toward faster travel times was apparent with later release groups.

The Lyons Ferry releases into the Tucannon River (IK brand) approach the

migration speeds of the in-river fish by the time they are migrating between

Lower Monumental and McNary dams (Table K). The remaining Lyons Ferry releases

below Little Goose (average 4.9 miles/day) and on-site (average 5.2 miles/day)

are still migrating at about one-third the speed of in-river fish (average 17.2

miles/day) between Lower Monumental and McNary dams. By the time these groups

were migrating through John Day pool, they were traveling at speeds comparable

to the in-river fish.

2. Mid-Columbia

Travel time was computed in the mid-Columbia drainage from release s ite

to Rock Island and McNary dams and within the index reach from Rock Island to

McNary Dam. Wanapum and Priest Rapids dams are within the index reach. Between

Priest Rapids and McNary reservoirs is a free-flowing section of river about 50
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Table J. STEELHEAD TRAVEL TIME FROM RELEASE SITE IN THE SNAKE RIVER DRAINAGE MCNARY

MEDIAN -------5O% PASSAGE-------
PASSAGE RELEASE ARRIVAL DAYS OF RIVER AVE SPEED DISTANCE

BRAND RELEASE SITE # RELEASED INDEX DATE DATE TRAVEL FLOW ^ (MILES/DAY) TRAVELED
--------------------------------------------------------------------------------------------------------------------------------

RA-IJ-1,3,4*
RD-T-4
LA-IT-1,3*
RA-IK-1,3*
RA-7F-1
RA-7F-3
RD-7F-1
LA-P-! *
LA-P-2"
LA-P-3'
LA-P-4*
LA-W-l'
LA-W-2*
LA-W-3"
LA-W-b'
LA-IJ-1,3,4*
LA-IK-1,3*
LA-7u-1
LA-?U-3
L D - 7 U -  i

GRANDE RONDE RIVER
DWDRSHAK HATCHERY
TUCANNON HATCHERY
TUCANNON YATCHERY
BEL OW LITTLE GOOSE.
BELOW LITTLE GOOSE
BELOW LITTLE GOOSE
BELOW LITTLE GOOSE
BELOW LITTLE GOOSE
BELOW LITTLE GOOSE
BELOW LITTLE GOOSE
BELOW LITTLE GOOSE
BELOW LITTLE GOOSE
BELOW LITTLE GOOSE
BELOW LITTLE GOOSE
LYONS FERRY HATCHERY
LYONS FERRY HATCHERY
BELOW ICE HARBOR
BLEOW ICE HARBOR
BELOW ICE HARBOR

60,000 1,264 27-Apr
35,025 547 Ol-May
40,000 5,239 06-May
40,000 8,377 Ol-May
20,035 5,396 Zl-Apr
20,063 6,752 25-Apr
20,069 5,396 29-Apr
4,319 2,172 26-Apr
4,176 2,156 29-Apr
1,966 2,313 05-May
4,150 2,147 10-May
1,219 2,265 15-May
4.250 1,981 20-May
4,250 1,531 24-May
1,287 598 27-May

60,000    20,914   25-Apr
40,000 10,750 25-Apr
11,998 3,958 21-Apr
12,034 4,551 25-Apr
12,018 3.102 29-Apr

27-May 30
26-May 19
30-May 24
27-May 20
ll-May 20
15-May 20
18-May 19
02-May 6
07-Ray 8
13-May 8
19-May 9
22-May 7
26-May 6
29-May 5
31-May 4
14-May 19
18-May 23
03-May 12
05-May 10
09-May 10

107.42
108.75
108.75
107.10
89.68
96.90
100.51
93.23
92.55
103.21
95.71
102.91
109.99
129.59
171.36
96.59
101.03
100 16E,
99.97
89.88

7.7 230
11.2 212.9
5.4 130
6.5 130
5.1 101
5.1 101
5.3 101
16.8 101
12.6 101
12.6 101
11.2 101
14.4 101
16.8 101
20.2 101
25.3 101
4.8 91 .4
4 .0  91.4
3.4 41
4.1 41
4.1 41

River Flow is the average flow for 7 days around the estimated 50% passage date at Ice Harbor
For groups released below Ice Harbor, the average flow of the release date and the succeeding three days was used.

* Non-SMP marked groups.

Table K. STEELHEAD INDEX TRAVEL TIME FROM LOWER MONUMENTAL TO MCNARY
(INDEX DISTANCE IS 73.6 MILES)

PASSAGE INDICES 50% PASSAGE DATE INDEX
_________________ __________________ TRAVEL RIVER AVE. SPEED

BRAND RELEASE SITE # RELEASED LMN MCN LMN MCN TIME FLOW ^ (MILES/DAY)
-----------------------------------------------------------------------------------------------------------
LA-IT-1,3* TUCANNON HATCHERY 40,000 2,575 5,239 29-May 30-May 1 174.36 **

RA-IK-1,3* TUCANNON HATCHERY 40,000 2,832 8,377 22-mAY 27-May         5   114.81        l4.7
RA-7F-1 BELDW LITTLE GOOSE 20,035 3,504 7,323 26-Apr 11-May 15 89.68         4.9
RA-7F-3 BELOW LITTLE GOOSE 20,063 3,157 6,752 30-Apr 15-May 15 96.90         4.9
RD-7F- 1 BELOW LITTLE GOOSE 20,069 2,875 5,396    03-May 18-May 15 103.21          4.9
LA-P-1* BELOW L I T T L E GOOSE 4,319 531 2,172 28-Apr    02-May          4     93.23         18.4
LA-P-2* BELOW LITTLE GOOSE 4,176 868 2,156 02-May 07-May        5   94.75       14.7
LA-P-3* BELOW LITTLE GOOSE 4,966 794 2,313 08-May 13-May 5 100.51         l4.7
LA-P-4* BELOW LITTLE GOOSE 4,150 682     2,147    13-May 19-May 6 95.71 12.3
LA-W-1* BELOW LITTLE GOOSE 4, 249 698 2,265 18-May 22-May 4 102.91 18.4
LA-W-2* BELOW LITTLE GOOSE 4,250 536 1,981 23-May 26-May 3 114.81 24.5
LA-W-3* BELOW LITTLE GOOSE 4,250        663 1,531 26-May 29-May 3 140.39         21.5
LA-IJ-1,3,4* LYONS FERRY HATCHERY 60,000 12,395 20,914 Ol-May 14-May 13 96.90          5.7
LA-IK-1,3* LYONS FERRY YATCHERY 40,000 6,120 10,750 02-May 18-May 16 103.21          4.6

^ River Flow is the average flow for7 days around the estimated 50% passage date at Ice Harbor
* Non-SW marked groups.
** Unrealisticspeeds are omitted.
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miles long. For the most part, this section of river is fairly narrow with few

"arms" or backwater areas. The projects in the mid-Columbia do not have bypass

systems in p l a c e  yet; therefore, Federal Energy; Regulation Commission (FERC)

mandated spill programs are inn effect to assist migrating salmonids past these

projects.

a. Spring Chinook______ _______

Four groups offmarked yearling spring chinook were released at mid-Columbia

hatcheries to determine travel time and migration speed to downstream sampling sites,

Travel time of the four SMP mark groups from Winthrop and Leavenworth Hatcheries

to Rock Island sampling site ranged from 17 to 27 days, and the migration speed

ranged from 2.5 to 4.5 miles/day. The average migration speed was 4.3 miles/day

(Table L). The Leavenworth group migrated at approximately half the speed of

the Winthrop group, with speeds of 2.5 versus 4.9 miles/day, respectively.

Travel time between Rock Island and McNary Dams ranged from 1 to 12 days,

and the migration speed varied from 161.4 to 13.4 miles/day (Table M). As

noted in the table, three of the four groups displayed extraordinary travel

rates, 53.8 to 161.4 miles/day, which we believe to be much greater than what

actually occurred. Sample sizes of the three releases from Winthrop Hatchery

were Less than 170 fis h at the Rock Island sampling site while recaptures at

McNary totalled from 547 to 792 fish sampled. When recaptures are low,

generally less than 200, and recaptures are recovered over a large span of

time , arrival dates at a facility canbe skewed either early or late. It

appears that this phenomona might have seriously affected the median arrival

date at Rock Island in 1986. To alleviate this problem, the FPC recommended

that 1987 on-site releases of yearling spring chinook from Winthrop be

increased from 35,, 000 to 50,000 fish. The release from Leavenworth Hatchery

had 3 travel time (12 days) through this index reach (Rock Island to McNary) in



Table L. YEARLING AND SUBYEARLING CHINOOK FROM RELEASE SITE IN THE COLUMBIA RIVER DRAINAGE TO ROCK ISLAND

MEDIAN ------5O % PASSAGE-------
PASSAGE RELEASE ARRIVAL DAYS OF RIVER AVE. SPEED DISTANCE

BRAND RELEASE SITE # RELEASE INDEX DATE DATE TRAVEL FLOW ^ (MILES/DAY) TRAVELED
----------------------------------------------------------------------------------------------------------------------

YEARLING CHINOOK
RA-7C-1 WINTHROP HATCHERY 34,466 169 21-Apr I6-May 25 141.64 4.8 120.6
RA-7C-3 WINTHROP HATCHERY 34,485 132 25-Apr 22-May 27 125.06 4.5 120.6
RA-'IT-3 WINTHROP HATCHERY 34,353 '33 29-Apr 21-May 22 128.77 5.5 120.6
LA-7T-1 LEAVENWORTH HATCHERY 40,602 313 23-Apr 10-May 17 141.55 2.5 43.2

SUBYEARLING CHINOOK
RD-S-1 WELLS HATCHERY 100,447 531 29-May 09-Jun 11 150.70 5.7 62.2

^ River flow is the average flow for the 7 days around the 50% passage date at Rock Island.

Table M. YEARLING AND SUBYEARLING CHINOOK INDEX TRAVEL TIME FROM ROCK ISLAND TO MCNARY
(INDEX DISTANCE IS 161.4 MILES)

PASSAGE INDICIES 50% PASSAGE DATE
----------------- ---------------------

BRAND RELEASE SITE # RELEASED RIS MCN RIS MCN
--------------------------------- -------------------------------------------------------------------

YEARLING CHINOOK
RA-7C-1 WINTHROP HATCHERY 34,466 169 9,413 l6-May 19-May
RA-7C-3 WINTHROP HATCHERY 34,485 132 6,986 22-May 23-May
RA-7T-3 WINTHROP HATCHERY 34,353 133 8,292 21-May 24-May
LA-7T-1 LEAVENWORTH HATCHERY 40,602 313 12,371 10-May 22-May

SUBYEARLING CHINOOK
RD-S-l WELLS HATCHERY 100,447 531 9,664 09-Jun 17-Jul

INDEX
TRAVEL
TIME

.--I------

3 140.23 53.8 *
1 130.37 **

3 130.37 53.8 *
12 138.65 13.5

38 119.70 4.2

RIVER AVE. SPEED
FLOW (MILES/DAY)

--------------------

^ River flow is the average flow for the 7 days around the 50% passage date at Priest Rapids.
* Questionable speed
** Unrealistic speeds omitted
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1986, identical to that in 1985, The Winthrop groups may have also. Due to the

likelihood that this is skewed date, no reliable estimate of travel time for

yearling chinook is available in the Rock Island to McNary index reach for 1986.

The travel times of the three Winthrop groups from release site to McNary

D a m are very consistent, ranging from 25 to 28 days (Table N). Therefore,

travel time through the entire reach may be more accurately compared with

previous years. Travel. time from release site to McNary Dam averaged 27 days

for Winthrop groups and 29 days for the Leavenworth group. The migration speed

of Winthrop groups ranged from 10.1 to 11.3 miles/day and averaged 10.4 miles/day.

The migration speed of the Leavenworth group was 7.1 miles/day approximately

30 percent slower than the Winthrop groups.

Both river-run and Winthrop Hatchery marked control groups were released below

Priest Rapids Dam. The migrating (in-river) fish were collected at Wanapum and

Priest Rapids Dam, marked at Priest Rapids, and released below the dam. These

marked fish were control releases from Grant County's transportation evaluation

program. In-river released fish spanned over a month from the initial marking

(April 28) to completion (May 22),, while the hatchery groups were released on

April 21, 25, and 29. The Winthrop controls (LA-7C-1,, LA-7C-3, and LA-7U-1) had

a range in travell time of 16 to 23 days to McNary Dam, with the average measured

at 19.7 days (Table N). The speed ranged from 4.6 to 6.6 miles/day with an average

Of 5.3 miles/day. The in-river releases had a range in travel time of 5 to 12 days

and averaged 8 days. Their migration speed ranged from 8.8 to 21.0 miles/day,

with the average speed being 13.1 miles/day for the four combined mark groups.

Overall, the in-river marked fish traveled about 2.5 times faster than the

Winthrop control releases. The Winthrop fish were transported directly from

the hatchery and rel e a s e d below Priest Rapids, whereas the in-river fish had

migrated from at least 60 miles upstream before being captured, marked, and

66



Table N. YEARLING AND SUBYEARLING CHINOOK TRAVEL TIME FROM RELEASE SITE IN THE COLUMBIA RIVER DRAINAGE TO MCNARY

RA-7C-1
RA-7C-3
RA-71-3
LA-7T-1
LA-7C-3
LA-7C-1
LA-7U-1
LA-RH,RR-1*
LA-RH.RR-2*
LA-RH,RR-3'
LA-Rtl,RR-4*
RA-7U-3

LA-T-l
LA-T-4
RD-S-1

RELEASE SITE % RELEASED
------------------------------------

WINTHROP HATCHERY 34,466
WINTHROP HATCHERY 34,485
WINTHROP HATCHERY 34,353
LEAVENWORTH HATCHERY 40,602
BELOW PRIEST RAPIDS 12,001
BELOW PRIEST RAPIDS 11,989
BELOW PRIEST RAP!DS 11,904
BELOW PRIEST RAPIDS 19,902
BELOW PRIEST RAPIDS 21,371
BELOW PRIEST RAPIDS 13,130
BELOW PRIEST RAPIDS 6,634
RINGOLD HATCHERY 50,000

PRIEST RAPIDS HATCHERY 100,216
PRIEST RAPIDS HATCHERY 100,374
WELLS HATCHERY 100,447

MEDIAN -------5O% PASSAGE-------
PASSAGE RELEASE ARRIVAL DAYS OF RIVER AVE SPEED DISTANCE
INDEX DATE DATE TRAVEL FLOW ^ (MILES/DAY) TRAVELEO

------------------------------------------------------------------

YEARLING CHINOOK
9,413 21-Apr 19-May 28 136.59 10.1 282
6,966 25-Apr 23-May 28 139.45 10.1 202
6,292 29-Apr 24-May 25 136.65 11.3 282
12,371 23-Apr 22-May 29 135.89 7.1 204.6
5,646 21-Apr lb-May 23 159.20 4.6 105
6,583 25-Apr 15-May 20 151.54 5.3 105
6,326 29-Apr 15-May 16 163.75 6.6 105
9,452 01-May 13-May 12 139.92 8.8 105
10,757 07-May 16-May 9 141.79 11.7 105
7,940, 15-May 21-May 6 137.45 17.5 105
3,198 23-May 28-May 5 114.82 21.0 105
19,466 03-Apr 09-Apr 6 143.33 9.3 56

SUBYEARLING CHINOOK
29,234 10-Jun 23-Jun 13 113.91 8.1 105
17,826 19-Jun 14-Jul 25 114.43 4.2 105
9,660 29-May 17-Jul 49 118.16 4.6 223.6

^ River flow is the 7 day average flow around the estimated 50% passage date at Priest Rapids.
For groups released below Priest Rapids, the average flow of the release date and 3 succeeding days was used.

* Non-SMP marked groups. These releases were made after 2200 hours, therefore after computing the date of median
release, the following day was assigned as the median release date.

Table 0. STEELHEAD TRAVEL TIME FROM RELEASE SITE IN THE COLUMBIA RIVER DRAINAGE TO ROCK ISLAND

MEDIAN ------50 % PASSAGE-------
PASSAGE RELEASE ARRIVAL DAYS OF RIVER AVE. SPEEO DISTANCE

BRAND RELEASE SITE # RELEASE INDEX DATE DATE TRAVEL FLOW ^ (MILES/DAY) TRAVELED
----------------------------------------------------------------------------------------------------------------------

LA-7N-1 EFFY BRIDGE METHOWW R. 29,451 784   01-May 12-May 11 149.03 7.3 80.5
LA-7N-3 EFFY BRIDGE METHOWW R. 30,046 757 05-May 14-May 9 147.15 8.9 80.5
LD-'IN-1 EFFY BRIDGE, METHOWW R. 29,992 290 09-May 19-May 10 136.60 8.1 80.5

^ River flow is the average flow for the 7 days around the 50% passage date at Rock Island.

Table P    STEELHEAD INDEX TRAVEL TIME FROM ROCK ISLAND TO YCNARY
(INDEX DISTANCE IS 161.4)

PASSAGE INDICIES 50% PASSAGE DATE INDEX
------------------------------- ---------------------------- TRAVEL RIVER AVE. SPEED

BRAND RELEASE SJTE # RELEASED RIS MCN RIS MCN TIME FLOW ^ (MILES/DAY)
----------------------------------------------------------------------------------------------------------------------------------

LA-IN-1 EFFYY BRIDGE, METHOWW R. 29,451 784 7,367 12-May 19-May 7 138.65 23.1
LA-7N-3 EFFYY BRIDGE, METHOWW R. 30,046 757 6,175 14-May 21-May 7 140.35 23.1
LD-7N-1 EFFYY BRIDGE, METHOW R. 29,992 290 3,517 19-May 24-May 5 136.31 32.3

^ River flow is the average flow for the 7 days around the 50% passage date at Priest Rapids.
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released. It issinteresting to note that the earliest marked in-river group

(LA-RH-1. LA-RR-1) traveled at a lesser rate of speed than the later marked

fish. The early group speed of 8.8 miles/day compares more closely with the

Winthrop controls average of 5.3 miles/day.

______________________________b. Sub-yearling Summer/Fall Chinook A single group of zero-age summer

chinook was marked and released at Wells Hatchery to index travel time of summer

migrants through the mid-Columbia reach. Marked releases were made on May 29

along with p r o d u c t i o n  releases. The fish moved fairly rapidly from Wells

Hatchery to Rock Island Dam. Fifty percent had reached the sampling site by

June 9, a travel time of 11 days and a migration speed of 5.7 miles/day (Table L).

The migration from Rock Island to McNary Dam encompassed 38 days with the summer

chinook traveling at a speed of 4.2 miles/day through this index reach (Table M).

Two additional releases of freeze branded sub-yearling chinook were released

from Priest Rapids Hatchery , located immediately below the dam. Releases of

100,000 branded fish were made on June 10 and 19. The travel time to McNary Dam

of the June 10 release w a s about one-half that of the latter group, 13 days and

25 days,, respectively (Table N). Migration speed through this section was 8.1

and 4.2 miles per d a y For the same early and late releases, respectively. The

late release migrat ion speed i s  t h e same as the Wells Hatchery summer chinook

migration speed of 4.2 miles/day between Rock Island and McNary.

c. Yearling Fall Chinook. This was the first season that yearling fall

chinook were marked for monitoring in the  Columbia River system. The

mid-Columbia group of marked fall chinook were reared with production fish and

released at Ringold H a t c h e r y  on April 3. Travel time of this group averaged 6

days to m i g r a t e  to McNary, a rate of 9.3 miles/day (Table N).

d. Steelhead. S t e e l h e a d  migration through the mid-Columbia was accomplished_______________________

b  y u t i l i z i n g survival study fish from Wells Hatchery. Test fish were released at
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Effy Bridge, a site about 10 miles above the mouth of the Methow River, while

the control fish were released below Priest Rapids Dam. Three groups of marked

fish were released at each site.

Test fish were intercepted first at Rock Island Dam. The average travel time

was 10 days with a range of 9 to 11 days (Table 0). The average migration speed

was 8.1 miles/day with a range of 7.3 to 8.9 miles/day for the three test releases.

Travel time of the three Wells steelhead releases from Rock Island to McNary

ranged from 5 to 7 days (Table P). The travel time and migration rate through

this index site was 6.3 days and 25.6 miles/day.

The test groups released into the Methow River had a range in travel time of

15 to 18 days to McNary Dam, an average of 16.3 days (Table Q). The speed

ranged from 13.4 to 16.1 miles/day with the average being 14.8 miles/day. The

three control groups had an average travel time and migration speed of 11 days

and 9.5 miles/day respectively.

e. Sockeye. Six groups of sockeye were used to establish travel time

estimates this season. These fish were marked at Priest Rapids and released

below the project as controls for Grant County's transportation evaluation

program. Where possible, mark groups with similar release dates were combined

to increase release and subsequent recovery totals at McNary and John Day Dams.

Because of low recoveries, the last release group (LA-L-3, and LA-V-4) was

eliminated.

The sockeye  moved  through the system  to McNary Dam in from 4 to 11 days with

the average  time of 6.5 days (Table R). The speed of the groups ranged from

9.5 to 26.3 miles/day,  averaging  16.2 miles/day.

3. Lower Columbia______________

The lower Columbia  River is considered  to be that stretch  of river from

below  McNary  Dam to Bonneville  Dam for smolt monitoring  purposes. Because of

sampling  limitations  at Bonneville  Dam in 1986, the John Day u s e  was utilized
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T a b l e  Q. STEELHEAD TRAVEL T I M E  FROM RELEASE SITE IN THE COLUMBIA RIVER DRAINAGE TO MCNARY

PASSAGE
BRAND RELEASE SITE #  RELEASED INDEX
-------------------------------------------------------------

LA-7N -1 E FFY BRIDGE, METHOW R. 29,451 7,367
LA-7N-3 EFFY BRIDGE, METHOW R. 30,046 6,175
LD-7N-1 EFFY BRIDGE, METHOW R. 29,992 3,571
RA-7P-1 BELOW PRIEST RAPIDS 11,780 3,916
RA-7P-3 BELOW PRIEST RAPIDS 11,575 3,184
RD-7P-1 BELOW PRIEST RAPIDS 11,943 2,229

MEDIAN
RELEASE

OATE
-------

01-May

05-May

09-May

0 1 -May

05-Way
09-May

- - - - - - - -  50% PASSAGE _______

ARRIVAL DAYS OF RIVER AVE SPEED DISTANCE
DATE TRAVEL FLOW ^ (MILES/DAY) TRAVELED

---------------------------------------------------------------

19-May 18 138.43 13.4 241.9
21-May 16 138.65 15.1 241.9
24-May 15 140.23 16.1 241.9
13-May 12 139.92 8.8 105
16-May 11 140.60 9.5 105
1 9-May 10 135.58 10 5 105

River flow is the 7 day average flaw around the estimated 50% passage date at Priest Rapids.
For groups released below Pries: Rapids, the average flow of the release date and 3 succeeding days was used.

Table R. SOCKEYE TRAVEL TIME FROM RELEASE SITE IN THE COLUMBIA RIVER DRAINAGE TO MCNARY

BRAND RELEASE SITE # RELEASED
------- ------- ----- ------------ -------- ------------------- -------- --

;A-RH,RR-1' BELOW PRIEST RAPIDS 10,950
LA-RH-2,RR-4* BELOW PRIEST RAPIOS 6,851
LA-RH,RR-3* 8ELOW PRIEST RAPIDS 5,092
LA-L,V-1* 8ELOW PRIEST RAPIDS 12,375
LA-L,V-2* BELOW PRIEST RAPIDS 14,736
LA-V-3* 8ELOW PRIEST RAPIDS 9,415

PASSAGE
INDEX

----------

3,488
1,357
1,653
1,564
5.566
3,599

MEDIAN -------50% PASSAGE-------
RELEASE ARRIVAL DAYS OF RIVER AVE SPEED DISTANCE
DATE DATE TRAVEL FLOW ^ (MILES/DAY) TRAVELED

-----------------------------------------------------------------

25-Apr 01-May 6 151.54 17.5 105
29-Apr 1 0-May 11 163.75 9.5 105
09-May 1 6-May 7 135.58 15.0 105
15-May 21-May 6 137.45 17.5 105
Pl-May 26-May 5 131.40 21.0 105
25-May 29-May 4 123.98 26.3 105

^ River flow is tne 4 day average flow foilowing the median release date at Priest Rapids.
* Non-SMP marked groups. These reieases were made after 2200 hours, therefore after computing the date of median

release the foliowing day was assigned as the median release date.



to estimate travel time and migration speeds of the marked freeze brand groups.

The John Day pool is a large reservoir 76.4 miles long with many side channels

and backwater areas. A large reservoir has certain inherent disadvantages to

migrating salmonids. Concern has been raised because of reduced water

velocities from the greater surface area, increased numbers of predators, and

the fact that John Day Dam is a high dam with 105 foot of head.

Fish from the Snake and mid-Columbia were used to determine travel time and

migration speed. Also in-river yearling spring and sub-yearling fall chinook

were marked at McNary as part of the Corps of Engineers transportation

evaluation program and released below the dam site each evening after marking.

a. Yearling and Sub-Yearling Chinook_____

The average travel time of the two Rapid River Hatchery spring chinook groups

in the McNary to John Day reach was 3 days and the average migration speed was

25.5 miles/day (Table D). This was approximately 30 percent faster than the

travel times and migration speeds observed for other non-SMP groups between

McNary and John Day (Table S). The Lower Granite (survival study) release

groups averaged 19.1 miles/day, the Little Goose (transportation study) release

groups averaged 16.4 miles/day, and the McNary (transportation study) release

groups averaged 18.4 miles/day. These were in-river fish that were collected

at McNary, freeze branded and released below the dam. O n  average, a period of

4 days is required for yearling spring chinook to move through John Day pool.

Travel time of Lyons Ferry yearling fall chinook in John Day pool was

comparable to that of the yearling spring and summer chinook releases from the

Snake River. They migrated through John Day pool at about 19.1 miles/day

(Table S). Lyons Ferry sub-yearling fall chinook, on the other hand, take about

28 days to move through John Day pool, averaging about 2.7 miles/day (Table T).

Apparently, the sub-yearling chinook rear in the John Day pool for almost one
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r‘i,S.i;Q !YCjCf-S 50% 44SSAGE DATE INDEX
. ,._ .-_l-l--.. .___. _ _.._______w._--. TRAVEL RIVER AVE .SPEED

Bi KriE4SE? 8iY ?CA Ku ,‘GA TIME FLOW . (MILES/DAY)
__I.^,._. ^_. I,” ,.., _ __._ -- --_. .._-_I_.---___I_I  _ __-_________________------------

2 246.47 38.2
4 250.81 19.1
1 262.81 t*

3 256.56 25.5
6 21G.59 19.1
5 241.36 15.3
7 269.56 10.9
5 250.81 15.3
5 250.37 15.3
6 247.34 19.:
3 254 29 25.5
4 ?G?. ‘3 19.1
4 254.7; 19.1

2 263.44 38.2
2 256.89 38.2
1 256.89 *x

: 256.03 kf

6 257.2: i9.1
4 263.73 19. i
6 263.13 ,,.!%5.1
4 255.41 19.1
6 266.83 19.1
2 256.03 38.2
4 338.56 38.2
9 280.40 9.6

4 241.34 19.’
6 250.10 19.’
6 265.33 19.:
1 260.06 19.1
6 256.64 19.1
4 256.03 19.1
5 285.87 15.3

?
‘.



month.

Yearling spring chinook from the mid-Columbia releases at Winthrop and

Leavenworth hatcheries appeared to have traveled from McNary to John Day Dam in

1 to 2 days. This few number of days is highly unlikely based on what was

observed for the mid-Columbia releases below Priest Rapids. The Winthrop

control groups averaged 4 days travel time and the in-river groups averaged 3

days travel time in John Day pool. In general, a 3 to 4 day travel time for

yearling chinook salmon appears reasonable for 1986.

The yearling fall chinook from Ringold Hatchery traveled through John Day

pool in 8 days, at a rate of 9.6 miles/day (Table S). This stock maintained a

fairly consistent rate of travel, about 9.5 miles/day from their release site

to McNary and John Day dams, in contrast to the Lyons Ferry yearling fall

chinook which demonstrated an increasing migration speed as they moved

downstream from 6.7 miles/day between Lower Monumental and McNary dams to 19.1

miles/day in John Day pool.

The two Priest Rapids Hatchery sub-yearling chinook groups were recovered in

sufficient numbers to adequately assess travel time to John Day Dam. The June 10

release group moved more quickly to McNary Dam than did the June 19 release, and

it maintained a 10-day lead time to John Day. The travel time and migration

speed of Priest Rapids Hatchery sub-yearling chinook groups through John Day

pool was 17 days and 15 days for the early and late release, respectively. The

average travel. time was 16.0  days, a speed of 4.8 miles/day (Table  T).

In-river sub-yearling chinook, mostly from the mid-Columbia, were marked and

released immediately below McNary Dam. This group demonstrated a range of

travel time to John Day Dam of 11 to 24 days with the overall average time

through this index reach of 17.4 days and a speed of 4.4 miles/day. These fish

migrated near the average speed of the two SMP sub-yearling releases from Priest
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Table T SUBYEARLING CHINOOK INDEX TRAVEL TIME FROM MCNARY TO JOHN DAY
(INDEX DISTANCE IS 76.4 MILES)

PASSAGE INDICES 50% PASSAGE DATE INDEX
------------------------ --------------------- TRAVEL RIVER AVE SPEED

BRAND RELEASE SITE #  RELEASED MCN JDA MCN JDA TIME FLOW ^ (MILES/DAY)
---------------------------------------------------------------------------------------------------------------------------------------------------

RA-T-5

LA-T-1
LA-T-4

LA- 3X-3'
LA-3J-3*
LA-3C-3*
LA-3U-3*
LA-7H-3*
LA-10-3*
LA-7H,10-1*
LA-17-1*
LA-3X-1 *
LA-3L-1*

LYONS FERRY HATCHERY

PRIEST RAPIDS HATCHERY
PRIEST RAPIDS HATCHERY

BELOW MCNARY D A M
BELOW MCNARY DAM
BELOW MCNARY DAM
BELOW MCNARY CAM
BELOW MCNARY OAR
BLEOW MCNARY DAM
BELOW MCNARY DAP
BELOW MCNARY DAM
BELOW MCNARY DAM
BELOW MCNARY OAM

SNAKE RIVER DRAINAGE RELEASES
81,003 19.511 1,021 26-Jun 24-Jui

MID-COLUMBIA DRAINAGE RELEASES
100,276 29,234 3,290 23-Jun 10-Jul
100,374 17,826 2,324 14-Jul 29-Jul

LOWER COLUMBIA DRAINAGE RELEASES
10,000 N/A 955 20-Jun 01-Jul
10,000 N/A 1,120 24-Jun    15-Jul
10,810 N/A 1,396 03-Ju1 22-Ju1
10,000 N/A 968 14-Jul 28-Jul
10,000 N/A 1,162 17-Jul 31-Ju1
10,000 N/A 1,012 20-Jul 04-Aug
20,000   N/A 1,712 23-Jul 11-Aug
10,000 N/A 995  25-Jul 13-Aug
13,003 N/A 751 31-Jul 18-Aug
5,826 N/A 347 02-Aug 26-Aug

28

17

15

11 140.09
21 181.06
19 176.41
14 155.64
14 150.26
15 140.20
19 135.47
19 142.53
18 '28.76
24 114.26

177.57

139.57
151.74

2

5

6.9
3 .6
4 .O
5 .5
5 .5
5 .1
4 .0
4 .O
4 .2
3 .2

.7

4.5
.1

River flow is the average flow for 7 days arounda the 50% passage date at John Day.
* Non-SMP marked groups. These releases were made after 2200 hours, therefore after

computing the median release date, the following day was assigned as the release date.
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Rapids (4.8 miles/day), but faster than the Lyons Ferry release (2.7 miles/day).

All sub-yearling groups appear to take their time migrating through this

large reservoir. When the Bonneville Dam sampling system works satisfactorily,

as anticipated in 1987, the travel time through the remaining two reservoirs

should give a better idea on flow/travel time relationship through the Columbia

River system.

b. Steelhead

The Lyons Ferry Hatchery steelhead releases were the only groups from the

Snake River drainage that were recovered at John Day Dam with adequate sample

sizes to determine travel time. The Lyons Ferry Hatchery groups travelled this

index reach in 2 to 3 days, after excluding five groups with negative, zero, or

one day estimates (Table U). The average speed for the valid groups was 31.8

miles/day. The in-river marked steelhead groups traveled between McNary and

John Day dams in 2 to 3 days, averaging 2.1 days and speeds of 35.7 miles/day.

On the average, Snake River steelhead appear to move through John Day pool

about l$ times faster than Snake River yearling chinook.

When examining the migration of the Wells test and control fish to John Day,

it was noted that migration speed from McNary to John Day was at least 76.4

miles/day based on a l-day travel time average. This would appear to be out of

the realm of the rate that a fish can move downstream under normal flow conditions

which occurred during this year's salmonid outmigration in the Columbia River.

Thus, no valid  estimate was made in the McNary to John Day index reach.

In general, a 2 day travel time in John Day pool for steelhead trout appears

reasonable for 1986.

c. Sockeye

The sockeye groups from the transportation studies had a range in travel

t ime through  the McNary to John Day index reach of 1 to 1 1 days and averaged
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Table U. STEELHEAO INDEX TRAVEL TIME FROM MCNARY TO JOHN DAY 
(INDEX OISTANCE IS 76.4 MILES) 

PASSAGE INDICES 50% PASSAGE DATE INDEX 
_w--..__-“__--“.e.m- --mw----..---“-“-l- TRAVEL RIVER AVE.SPEED 

BRAND RELEASE SITE t RELEASED MCN JDA MCN JOA TIME FLOW * (MILES/DAY) 
--------- _______________“_________________I______---~--------“---------------“--------- -----__-___--“__----_I_________ 

LA-IT-1,3* TUCANNON HATCHERY 
RA-IK-1,3* TUCANNON HATCHERY 
RA-7F-1 BELOW LITTLE GOOSE 
RA-‘IF-3 BELOW LITTLE GOOSE 
RO-7F-1 BELOW LITTLE GOOSE 
LA-P-l* BELOW LITTLE GOOSE 
l-A-p-2* BELOW LITTLE GOOSE 
LA-P-3* BELOW LITTLE GOOSE 
LA-P-4* 8ELOW LITTLE GOOSE 
LA-W-l* BELOW LITTLE GOOSE 
LA-W-2* BELOW LITTLE GOOSE 
LA-W-3* BELOW LITTLE GOOSE 
LA-IJ-1,3,4” LYONS FERRY HATCHERY 
LA-IK-1,3* LYONS FERRY HATCHERY 
LA-IU-1 BELOW ICE HARBOR 
LA-7U-3 BELOW ICE HARBOR 
LO-7U-1 BELOW ICE HARBOR 

0 338.56 
3 338.56 
2 265.33 
1 256.64 

-1 255.44 
2 248.63 
2 259.29 
2 260.84 
2 263.44 
2 251.16 
3 308.51 
2 361.33 
2 256.64 
3 263.44 

-1 250.81 
2 247.34 
1 260.00 

rl* 

25.5 
38.2 

tt 
bX 

38.2 
38.2 
38.2 
38.2 
38.2 
25.5 
38.2 
38.2 
25.5 

$1: 
38.2 

** 

LA-7N-1 EFFY BRIDGE, METHOW R, 
LA-TN-3 EFFY BRIDGE, METHOW R. 
LO-7N-1 EFFY BRIDGE, METHOW R. 
RA-7P-1 PRIEST RAPIDS DAM 
RA-7P-3 PRIEST RAPIDS DAM 
RO-‘(P-1 PRIEST RAPIDS DAM 

SNAKE RIVER DRAINAGE RELEASES 
40,000 5,239 2,039 30-May 30-May 
40,000 8,377 4,388 27-May JO-May 
20,035 7,323 4,244 11-May 13-May 
20,063 6,752 3,717 15-May 16-May 
20,069 5,369 2,312 18-May 17-May 
4,319 2,172 1,388 02-May 04-May 
4,176 2,156 1,233 Ol-May 09”May 
4,966 2;313 1,564 13-May 15-May 
4,150 2,147 949 19-Nay 21-May 
4,249 2,265 904 22-May 24-May 
4,250 1,981 658 26-Nay 29-May 
4,250 1,531 633 29-May 31-May 

60,000 20,914 13,230 14”May 16-May 
40,000 10,750 4,734 18-May 21-May 
11,998 3,958 3,081 03-May 02-May 
12,034 4,551 3,102 05-May 07-May 
12,018 3,102 1,623 09-May lo-Nay 

MID-COLUMBIA DRAINAGE RELEASES 
29,451 7,367 3,632 19-May 19-Nay 
30,046 6,175 2,441 21-May 22-May 
29,992 3,517 1,198 24-May 24-May 
11,780 3,916 2,926 13-Nay 14-May 
11,575 3,184 2,368 16-May 15-May 
11,943 2,229 1,722 Is-May OO-May 

0 263.73 tlr 

1 262.26 ** 

0 251.16 t* 

1 267.13 Y$ 
-1 260.84 w 

1 266.83 .w 

* River flow is the average flow for 7 days around the 50% passage date at John Day. 
* Non-SMP marked groups. 
** Unrealistic speeds are omitted. 

Table V. SOCKEYE INDEX TRAVEL TIME FROM MCNARY TO JOHN DAY 
(INDEX DISTANCE IS 76.4 MILES) 

PASSAGE INDICES 50% PASSAGE DATE INDEX 
-..-------__e_-_-- -__ww..-..-.-..-------- .TRAVEL RIVER AVE,SPEEC 

BRAND RELEASE SITE # RELEASED MCN JOA MCN JOA TIME FLOW n (MILES/DAY) 
____________________----------------”------------------------------“------ __________-_______--________________I___---- 
LA-RH,RR-l* PRIEST RAPIDS DAM 10,950 3,488 1,195 01-May 12-May 11 262.81 6.9 
LA-RH-Z,RR-I* PRIEST RAPIDS OAM 6851 1,375 580 lO-#ay 16-May 6 256.64 12.7 
LA-RH,RR-3* PRIEST RAPIDS DAM 5092 1,653 406 16-May 21-May 5 263.44 15.3 
LA-L,V-1” PRIEST RAPIOS DAN 12375 4,564 901 21-May 24-May 3 251.16 25.5 
LA-L,V-2* PRIEST RAPIDS DAM 14736 5,566 831 26-May 28”May 2 285.87 38.2 
LA-V-3* PRIEST RAPIDS DAM 9415 3,599 449 29-May 30-May 1 338.56 t* 

1 River flow is the average flow for 7 days around the 50% passage date at John Day. 
* Non-SMP marked groups. 
** Unrealistic speeds omitted. 
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5.4 days, excluding the 1 day travel time estimate of the last group released

(Table V). The migration speed of the sockeye in John Day pool increased for

each successive release, ranging from 4.9 to 38.2 miles/day. The average speed

was estimated at 14.1 miles/day.

4. Comparison of travel time and migration speed among years

Travel time and migration speed from release site to McNary Dam are compared

in Table 13 for 1984 to 1986. In general, even though 1984 had the highest flows

and spills, followed by 1986 and lastly 1985, there is no consistent corresponding

correlation with travel time and speed of marked groups from release site to

McNary. This may be due to the Jack of large enough differences between flows

for these three years. A discussion of this phenomenon appears in Section V.

Average travel time and migration speed within the two index reaches where

comparable sampling over the three year period occurred are listed in Table 14.

Steelhead results follow the pattern expected; i,e., fastest speed in 1984,

followed by 1986, and lastly 1985, in both the Snake and mid-Columbia index

reaches. Yearling chinook in the Snake index reach exhibited a slower speed in

1986 than 1985, contrary to expectation, but this is partially due to the slow

travel time of Dworshak Hatcher?: spring chinook i n  1986. Omitting that group,

the annual travel time index would be 13 days for 1985 and 12.3 days for 1986.

Annual migration speeds would still be close, but they would be faster for 1986

as expected. The appearance of a faster travel time for sub-yearling chinook

between Rock Island and McNary in 1385 than 1986 m a y be circumstantial. High

flows early in June moved wild and hatchery sub-yearling chinook quickly through

the upper reaches of the mid-Columbia in 1986. The median passage date at Rock

Island was one month earlier in 1986 than 1985. Median passage occurred about

the same time each year at McNary. It appears sub-yearling chinook were moved

below Rock Island before they were ready to continue their downstream migration.
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TABLE 13 Summary of Travel Time of Marked Salmon and Steelhead 
in the Columbia Basin, 1984 - 1986. 

Species Reach 

Mid-Columbia Drainage 

SpCh Winthrop H.-MCN 

Stlhd Methow R.-MCN 

Stlhd Priest Rpds.-MCN 

Sock Priest Rpds.-MCN 

Such Wells H.-MCN 

FaCh Priest Rpds.-MCN 

Snake River Drainage 

YgCh Rapid R.-MCN 

YgCh Hells Cyn.-MCN 

YgCh Sawtooth-MCN 

YgCh S.F.Salmon R.-MCN 

YgCh Dworshak-MCN 

Stlhd Dworshak-MCN 

Stlhd GrandeRonde-MCN 

TRAVEL TIME 
Travel Time(Days) 

1984 1985 1986 --- 

26.0 32.8 27.0 10.8 8.6 10.4 

16.0 14.7 16.3 14.8 15.9 14.8 

6.0 6.6 11.0 18.7 16.7 9.5 

4.5 6.7 6.5 24.0 17.6 16.2 

51.0 42.0 49.0 4.4 5.6 4.6 

28.0 19.0 19.0 3.8 5.5 5.5 

47.0 35.0 29.0 

38.0 40.0 33.0 

52.0 50.0 46.0 

45.0 53.0 49.0 
-- 35.0 39.0 

16.0 12.0 19.0 
mm 25.0 30.0 

Speed Miles/day 

1984 1985 1986 --- 

6.6 9.0 10.8 

7.4 7.0 8.5 

11.6 12.1 13.2 

9.5 8.0 8.7 
-- 6.1 5.5 

13.3 17.7 11.2 
mm 9.2 7.7 
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TABLE 14 Summary of Annual Indices of Migration of Marked Salmon and
Steelhead in the Columbia Basin, 1984 - 1986.

ANNUAL INDEX

Species Reach Number Replicates Travel Time(Days) Speed Miles/day

1984 1985 1986 1984 1985 1986 1984 1985 1986_ _ _ _ _   _ _

YgCh LWG-MCN 5 5 6 10.0 12.8 13.8 14.0 11.0 10.1

Stlhd LWG-MCN 1 3 3 7.0 9.3 8.0 20.0 15.6 17.5

*YgCh RI-MCN -- 6 4 -- 7.7 * -- 21.0 *

Stlhd RI-MCN -- 3 3 -- 7.7 6.3 -- 21.0 25.6

SubYrCh RI-MCN -- 2 1 -- 14.0 38.0 -- 11.5 4.2

*
see text (section D, 2, a) for explanation of travel time and migration speed.



E. Survival Studies- - -

The study design used in this program has one overriding assumption: test and

control groups are assumed to be equal in all respects except for the test group

experiencing passage conditions in the river between test and control release

points. This implies that (1) sample rates and project operations experienced by

the test and control groups at McNary are equal, and (2) pre-release treatment of

the two groups is identical. The data must be evaluated in relation to the

assumption to explore for bias which might invalidate results.

Questions are posed in Table 15 to aid in examining the data in relation to

design assumptions. These questions simply re-phrase the criteria used in the 1984

and 1985 SMP studies. The objective is to identify factors other than the test

factor, which could differentially affect the recovery rates of the test and

control groups. The evaluation will be subjective, and as such open to

interpretation. Because the control groups are the standard against which the

recovery of the test fish is judged, the examination is especially directed

at identifying unusual behavior or recovery of the control groups.

Assumption (b) i n  Table 15 is examined in this section. The factor length is

used as one indication of randomness in the selection of test and control fish.

Travel time, migration speed, and recovery rate of the controls are factors aimed

at identifying behavioral features of the controls which could bias the results.

The examination of assumption (a) is deferred to Section V because it is more

hypothetical in nature.

1. Lenght Distribution Evaluation 

Length is an important criteria in assessing the degree to which test and

control  groups were randomly selected from a common pool of fish, and whether

t h e two groups were truly paired. Length frequency data for the mark groups are

shown graphically in Figures 21, 22, and 23.
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TABLE 15 Questions to aid in evaluating whether smolt survival data satisfies
design assumptions.

Assumption:

(a) Equality of recovery rates between test and control groups.

Question:

1.. Were adequate measuress taken to correct for differences in sample rate and

project operations since mixing of test and control groups at recovery

site was not possible?

Assumption:

(b) Equality of pre-release treatment of test and control groups and

equality of behavioral response of both groups after release.

Question:

i. Were the selection and marking of test and control groups random so that

significant length differences between groups do not occur?

ii. Do behavioral differences occur between test and control groups resulting

from differences in pre-release stress level or physiological condition?

Indicators include:

(1) Decline in the recovery rate of controls over time.

(2) Decline in travel rate of controls over time,
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TABLE 16 Summary of length data and t-test comparison
for 1986 survival study groups.

Average
Hatchery Code Length(mm) 2 t

Winthrop WiTl 136.97 188
-2.45

WiCl 141.44 104
---------------------------------------------------------
Winthrop WiT2 133.62 199

-1.21
WiC2 135.58 113

---------------------------------------------------------
Winthrop WiT3 133.41 160

-1.46
WiC3 135.78 102

---------------------------------------------------------
Wells WeTl 196.26 215

2.22
WeCl 192.18 108

---_-----------------------------------------------------

Wells WeT2 189.93 213
0.82

WeC2 188.40 210
---------------------------------------------------------

Wells WeT3 187.68 190
1.05

WeC3 185.13 120

--__--------------_--------------------------------------

Lyons Ferry LyTl 196.65 109
1.05

LyCl 194.49 108
---------------------------------------------------------
Lyons Ferry LyT2 196.68 104

-1.97
LyC2 200.88 102

_-__------_------__--------------------------------------
Lyons Ferry LyT3 198.37 104

-0.38
LyC3 199.19 105

---------------------------------------------------------
*
Significant difference compared to t ( 0.05,d.f.=  lOO)=
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Comparison of the Lengths of the test and control groups within a replicate

was made using a standard t-test (Table 16). For samples of this size, the

critical value at an alpha Level or 0.05 is 1.98. The minimum length difference

which turned out to be significant between control and test groups in the

t-test comparisons was 4 mm. Only two replicates showed a significant

difference.

The first replicate of spring chinook test and control groups from Winthrop

Hatchery differed significantly in size. Test and control groups did not differ

significantly in size for the second and third Winthrop replicates. The

control groups were a l l larger in size than test groups for the three Winthrop

replicates. This is probably related to the fact that, after marking, the

control groups at Winthrop were held over winter at a lesser density than were

the test groups. The groups did not differ in size at the time of marking.

The steelhead test and control group from Wells Hatchery differed

significantly in size for the first replicate. The other steelhead control and

test groups from Wells or Lyons Ferry hatcheries did not differ significantly

in size. Fish were randomly marked at Wells Hatchery just prior to the release

date and there appears to be no reason that the control group should vary

significantly in length from the test group. Varying 4.Omm on larger steelhead

which average about 195 mm probably imposes no real difference in compatability

between test and control groups and may have been the degree of chance that is

always present in a study.

Although two groups were shown to differ significantly in size, the amount

of difference may be minor from a biological standpoint. This is especially

true since fish lengths are measured to the nearest 5 mm. In conclusion, it

appears unlikely that the small length differences observed in 1986 had any

effect on survival of pairedtest versus control groups after release.
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2. Fish Health and Brand Ouality

Fish health (quality) is important to assess since the condition of study

fish upon release could affect their recovery at McNary and accordingly

influence the reliability of fish survival estimates. The evaluation of fish

quality is based primarily upon subjective observations of population behavior

(e.g. feeding response, smolt behavior) and visual appearance. Individual fish

are inspected for sign of physical or internal disorder.

Winthrop: The Winthrop Hatchery test and control fish appeared generally

healthy. The fish were observed to have a low (10%) incidence of sunburn: a

nutritional disease (pers. comm. Ray Brunson, pathologist, USFWS) which causes

very low morbidity or mortality at hatcheries. Since the rate of sunburn was

about equally distributed in all test and control groups, any adverse effect

would also be about equal. Sunburn was not considered a factor in estimation

of survival. About 1.0% were noted with swollen bellies, which generally

indicates kidney infection. No other fish abnormality was observed.

A total of 866 spring chinook were sampled at this hatchery for fish length

and brand quality information. Brand legibility ranged from 91.9% to 96.4%,

and it was no different on average between test (94.5%) and control (94.4%)

groups (Table 17). The category 2 level of brands are light and consequently

are more difficult to detect. There was no indication of brand burning in any

of the samples.

Wells: The Wells Hatchery test and control steelhead inspected just prior

to release appeared generally healthy. Feeding activity began immediately

following the branding operation and was vigorous and normal throughout the

holding period. A low incidence of split caudal fins was observed. The total

mortality of marked groups of Wells steelhead between marking and release
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TABLE 17-___ Brand legibility of survival study fish

Legible Brands

Total (Category 1+2) Category 2

Hatchery Group Number Percent Number Percent- - - -

Winthrop Test 1 178 94.7 22 12.4

Control 1 99 95.2 4 4.0

Test 2 187 94.0 21 11.2

Control. 2 107 96.4 17 15.9

Test 3 151 94.4 15 9.9

Control 3 91 91.9 8 8.8

Unlegible Brands

Number Percent

10 5.3

5 4.9

12 6.0

4 3.6

9 8.1

a 8.1

_--__---~--------------~--~-~-~~~~~~~~--~~-~~~~--~~------~-~------------------

Wells Test 1 203 94.4 117 54.4 12 5.6

Control 1 105 97.3 48 44.4 3 2.8

Test 2 208 98.1 62 29.2 4 1.9

Control 2 203 96.7 45 21.4 7 3.3

Test 3 190 100 134 70.5 0 0.0

Control 3 120 100 86 71.7 0 0.0

________----_------_~~~--~~---------~~~------~-------------------------------

Lyons Ferry Test 1 109 100 2 1.8 0 0.0

Control. 1 106 100 2 1.9 0 0.0

Test 2 103 99 1 1.0 1 1.0

Control 2 102 100 3 2.9 0 0.0

Test 3 104 100 3 2.9 0 0.0

Control 3 105 100 3 2.9 0 0.0
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(a period of a few days) was about 70 fish, or approximately 0.1%.

The most common disorder was lightly burned freeze brands which did not

appear to create a health problem. Brand burning was more prevalent in test

groups (Test 1: 3.3%, Control 1: 0%; Test 2: 14.2%, Control 2: 9.1%; Test 3:

6.8%,, Control 3: 1.0%). A differential proportion in burned brands of paired

test and control groups is a potential problem in survival estimation if

burning causes death or reduced migratory urge. However, burning was generally

very light causing small areas of whitening of the brand. The burning was not

observed to cause sluffing of the epidermis or fungus, as was noted during the

1985 season. Fish mortality due to burning was not observed during the 1985

season; therefore, it was assumed that mortality due to burning was not a

problem this year, since burning was far less extensive.

A total of 1056 fish were sampled at the hatchery for length and brand

quality data. Brand legibility ranged from 94.2% to 100% (Table 17). Category

2 brands were very common in the legible totals and ranged from 8. 7% in control

1 to 71.7% in the control 3 group. Brand burning did not affect brand

interpretation.

Lyons Ferry: The Lyons Ferry Hatchery test and control steelhead prior to

release appeared generally healthy. Feeding activity began immediately

following the branding operation and was vigorous and normal throughout the

holding period  Fewer precocious males and undersized fish were observed in

this seasons’s mark samples. The total mortality of marked groups of Lyons

Ferry steelhead between marking and release (a period of approximately 30 days)

was 62 fish. The loss of study fish due to transport to the Little Goose and

Ice Harbor release sites was negligible.

About 630 steelhead were sampled at this facility to obtain data on length

and brand quality. Brand quality ranged from 98.2:‘: to 100% legible (Table 17).
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Included in the total of legible brands are 14 brands of diminished legibility

(Category 2). There was one unlegible brand (1.0%) found in the test 2 group.

Light brand burning (Category 6) was 41.3% in test 1, 28.3% in control 1; 8.6%

in test 2, 15.7% in control 2; 1.9% in test 3, and 1.0% in control 2 groups.

There were 2 fish in the control 1 group which were not branded. Since almost

all fish had legible brands, this iight burning was not considered a factor in

reliability of brand interpretation at downstream sampling sites.

Wells and Lyons Ferry Smolt Condition: The condition of steelhead smolts 

used for paired test and control groups at the Lyons Ferry and Wells hatcheries

were as identical as possibie. Fish selected for each test and control pair

were taken from a lot of fish which were mixed together in a common raceway

prior to branding, Although test and control groups were apparently identical,

steelhead appeared more extensively smolted at Wells Hatchery when compared to

Lyons Ferry. This assessment was based on the observation of the more silvery

appearance of Wells study fish compared to the fish at Lyons Ferry. In

addition, a number of fish rejected during the branding process due to being

undersized or precocious was negligible at Wells; whereas there was an

approximate 4% rejection rate at Lyons Ferry. Further, the method used to

obtain the study fish at their two hatcheries suggested that smolt condition

may be different. Fish at Lyons Ferry Hatchery were obtained from rearing

ponds after voluntary release of the majority of production fish; however, at

Wells , fish were obtained directly from the Population of fish which had exited

rearing ponds in response to migration urges.

3. Travel Time

Travel tine of test and  control groups was examined for differences between

paired groups which might bias the survivai estimates. Travel time and

migration speed from the point of release to McNary Dam was used for all groups.
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This includes the mid-Columbia test groups, since the Rock Island to McNary

migration speed estimates were abnormally fast for the three test releases from

Winthrop Hatchery. Wells steelhead test groups were the fastest migrants,

averaging 14.8 miles/day; Winthrop chinook test groups were second, averaging

10.4 miles/day; and Lyons Ferry steelhead test groups were the slowest migrators,

averaging 5.1 miles/day. The same order was true for the control groups: Wells

9.5 miles/day, Winthrop 5.3 miles/day, and Lyons Ferry 3.8 miles/day.

In comparison to the test groups, all control groups migrated at a slower

speed. The Winthrop chinook controls migrated to McNary at about half the

speed of test groups (Table 18). The Wells steelhead control groups migrated

at two-thirds the speed of test groups. The Lyons Ferry steelhead controls

from the second and third releases migrated at three-fourths the speed of test

groups, while the first release controls migrated at slightly over half the

speed of the test group. This difference would imply that test fish are moving

through the control zone (reach below release of control groups) at a

substantially faster speed than the control fish. Therefore, the likelihood

that control fish are exposed to a higher level of predation in the control

zone is high. This would violate the assumption that both test and control

groups experience the same mortality level in the control zone. The result

would be an over-estimation of survival in the test zone.

4. Recovery Pattern and Proportions

Since mixing of test and control groups was not possible due to the need to

release test and control groups simultaneously many miles apart, the passage index

is used as the basic statistic to compute survival. The passage indice accounts

for differences in sampling rate and project operations (e.g., spill levels), so

that test and control recovery numbers are scaled in common terms.

The patterns of recovery of the test and control groups from the three study
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TABLE 18 Travel time of 1984 - 1986 survival mark groups from release
site to McNary Dam.

1986 1985 1984

Travel Travel Travel
Time Speed Time Speed Time Speed

Code (days) (mi/day) (days) (mi/day) (days) mi/day)
_----____--_________-------------- -----------__-_-------~~~~~~~~~--~~-------~~

WiTl 28 10.1 33.7 8.4

WiCl 23 4.6 23 4.6

WiT2 28 10.1 32 8.8

WiC2 20 5.3 22 4.8

WiT3 25 11.3 31 9.1

WiC3 16 6.6 17 6.2

--_----_-----____----~~~-- ----------------------------------------------------

WeTl 18 13.4 14 16.6 18 12.9

WeCl 12 8.8 6.7 14.7 6 17.5

WeT2 16 15.1 15 15.5 14 16.6

WeC2 11 9.5 7.3 14.4 6.3 16.7

WeT3 15 16.1 15 15.5

WeC3 10 10.5 5 21.0

----________________---------- ----_---_____---____---------------------------

LyTl 20 5.1 15 6.7

LyC 1 12 3.4 8 5.4

LyT2 20 5.1 16 6.3

LyC2 10 4.1 7.7 5.6

LyT 3 19 5.3

LyC3 10 4.1
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groups clearly indicate the lack of mixing inherent in the study design. The

median passage date for the test and control groups of Winthrop chinook, Wells

steelhead, and Lyons Ferry steelhead replicates differed by 5 to 9, 4 to 6, and 6

to 10 days, respectively (Figures 24, 25, and 26). The shape of the recovery

cummulative curves for paired test and control groups were very similar for

Winthrop Hatchery chinook and Wells Hatchery steelhead. The Lyons Ferry replicates

showed a rapid accumulation of control fish recoveries up to the median passage

date and thereafter a pattern more similar to test groups. The Lyons Ferry

Hatchery control group recovery curve was more similar in shape to that of Wells

Hatchery steelhead; whereas its test group recovery curve was more similar in shape

to the Winthrop Hatchery chinook. Similarity in passage pattern is not essential

though; rather, the project operations and sampling rate differences encountered

need to be adequately accounted for in the passage index.

The recovery proportions from the third replicate release of Lyons Ferry and

Wells steelhead were much lower than the earlier releases (Table 19). The recovery

proportion of the third replicate compared to the average of the earlier two

replicates was down 40% for control and 48% for test groups from Wells Hatchery,

and down 27% for controls and 23% for test groups from Lyons Ferry Hatchery.

Recovery proportions did not decline over time with Winthrop Hatchery replicate

releases. In fact, the lowest test recovery was from replicate 2, and the lowest

control recovery was from replicate 1. Apparently the last replicate of steelhead

at both hatcheries was released later than the optimal release time for best

survival, since project operations do not account for the lower proportions

recovered. At Wells Hatchery, the release time was typical of later production

truck releases out of the ponds. At Lyons Ferry, production fish volitionally

migrate from the ponds to the river. Comparisons between recovery distributions of

the SMP survival groups and normal production indicate that production fish

migrated at the same time as the second replicate.

93



.9 -* R E P L I C A T E  1R E P L I C A T E 1

.8 -.

.77 --

.6  

.5D --

.44 --

.3 --

.22 --

l --

0

.9o -- R E P L I C A T ER E P L I C A T E 22

.8

.9 R E P L I C A T E .3

4/20  4/30  5/10  5/20 5/30 6/9 6/19 6/29

L E G E N D

- T E S T

C O N T R O L

FIGURE 24--- Cumulative Mark Recoveries at McNary of Winthrop Spring
Chinook, Replicates 1, 2, & 3.

94



.9 -- R E P L I C A T E 1

.8 --

.6 --

.5 --

.4 --

.3 --

.2 --

. 9  -- R E P L I C A T E 2

.8 --

.7 --

.6 --

.5 --

.4 --

.3 --

.2 --

.9 -- R E P L I C A T E 3

.8 --

.7 --

.6 --

.5 --

.4 --

.3 --

.2 --

o-‘z::“““’
5/l 5/1 5/1 5/1 6/10 6/20 6/30

L E G E N D

- T E S T

C O N T R O L

FIGURE 25- - - Cumulative Mark Recoveries at McNary of Wells
Steelhead, Replicates 1, 2, & 3.



R E P L I C A T E  1

1 .o
T-

L

R E P L I C A T E  2

REPL ICA- I -E  3

4/20 4/30 5/10 5/20 5/30 6/19

L E G E N D

- T E S T

C O N T R O L

FIGURE 26 Cumulative Mark Recoveries at McNary of Lyons----
Steelhead, Replicates 1, 2, & 3.

Ferry

96



TABLE 19 McNary Dam brand recovery data for 1986 smolt survival monitoring groups.

Hatchery

Winthrop

Median
Passage Expanded

Code Date Sample Collection Index Proportion

WiTl 19-May 792 7,740 9,413 0.2731

WiCl 14-May 513 4,947 5,643 0.4702

------------------------------------------------------------------------------

Winthrop WiT2 23-May 6,979 0.2024

wiC2 15-May 588 5,714 6,568 0.5478

Winthrop WiT3 24-May 8,292 0.2414

WiC3 15-May 586 5,583 6,343 0.5328

WeTl 19-May 7,677 0.2607

WeCl 13-May 376 3,423 3,922 0.3329

Wells WeT2 21-May 6,129 0.2040

WeC2 16-May 274 2,758 3,202 0.2766

Wells WeT3 23-May 3,617 0.1206

WeC3 19-May 184 1,853 2,229 0.1866

Lyons Ferry LyTl 11-May 7,313 0.3650

LyCl 05-May 323 3,148 3,630 0.3026

--_______---------------------------------------------------------------------

Lyons Ferry LyT2 15-May 623 5,853 6,734 0.3356

LyC2 05-May 409 4,018 4,551 0.3782

Lyons Ferry LyT3 18-May 5,390 0.2686

LyC3 09-May 324 2,854 3,144 0.2616

-------------_______----------------------------------------------------------
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Speed of the migration did not decline over time, but instead showed a slight ( 
I 

increase over time for all groups (Table 18). Apparently later releases may have i 

been at a higher smoltification level at time of release, and therefore migrated 

faster to McNary Dam. On the other hand, the last replicates may have been more 

stressed at release, and therefore survived less than the earlier releases based 

on proportions recovered. 

5. Survival Estimates 

Survival of Winthrop spring chinook averaged 46.8% for the three replicates, 

and ranged from 36.9% to 58.1% (Table 20). The 95% confidence interval about the 

mean puts the population survival within the interval of 20 to 73%. Very similar 

results were observed in 1985, when an average of 45% survival and 95% confidence 

interval of 23 to 67% survival was obtained (Table 21). 

Survival of Wells steelhead averaged 72.2% for the complete data set, and 

ranged from 64.6% to 78.3% for individual replicates (Table 20). The 95% 

confidence interval about the mean puts the population survival within the interval 

of 55 to 90%. This year's average survival was slightly higher than that in 1985 

and the 95% confidence interval was shorter this year (Table 21). In 1985, the 

average survival estimate was 65%, and the 95% confidence interval was 39 to 91% 

survival. 

For two of the three Lyons Ferry steelhead replicates, survival was calculated 

in excess of 100% (Table 20). This is the result of control groups being 

recovered at McNary at a lower rate than the test groups. This occurrence is 

obviously improbable, and indicated possible assumption violations. The same 

improbable results were observed in 1985 (Table 21). Several possible explanations 

for these results are discussed in Section V. 
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*TABLE 20 Calculated survival of test groups from the 1986
Smolt Monitoring Program.

Group Survival Std. Error* 95% C.I. Lower Bound Upper Bound

Winthrop Spring Chinook

WiTl 0.581 0.030 to. 059 0.522 0.640

WIT2 0.369 0.020 20.039 0.330 0.408

WIT3 0.453 0.023 +0.046 0.407 0.499

______-__-----------------------------------------------------------------------

Average 0.468 0.0616 +O.265 0.203 0.733

Wells Steelhead

WeTl 0.783 0.048 20.094 0.689 0.877

WeT2 0.738 0.050 +0.098 0.640 0.836

WeT3 0.646 0.055 +o.107 0.539 0.753

_________---_-------------------------------------------------------------------

Average 0.722 0.0403 +0.173 0.549 0.895

Lyons Ferry Steelhead

LyTl 1.206 N/A

LyT2 0.887 0.053 +0.103 0.784 0.990

LyT3 1.027 N/A

___-----------------------------------------------------------------------------

Average N/A N/A N/A

*
Expanded proportions shown in Table 19 divided by factor of 10 before
computation of estimate of variance.
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TABLE 21 Comparison of 1985 and 1986 Survival Estimates and Associated Flow.

Lower Snake River: (60 miles, 2 dams, 2 reservoirs)

1985 1986

Steelhead (Lyons Ferry)

Rep 1 >l.O >l.O

Rep 2 >l.O 0.89

Rep 3 )l.O

Mean N/A N/A

Mid-Columbia Reach: (8-45 miles Methow, 127 miles Columbia, 5 dams, 4% reservoirs)

1985 1986

Steelhead (Wells)

Rep 1 .65 .78

Rep 2 . 75 .74

Rep 3 .54 . 6 5

Mean

Flow* 130 kcfs 144 kcfs

Spring Chinook (Winthrop)

Rep 1

Rep 2

Rep 3

Mean 0.45tO.22 0.4720.27

Flow*

.55 .58

.41 .37

.39 .45

137 kcfs 132 kcfs

*
Flow is the average of the three replicate test groups' associated average river

flow for the 7 days around the 50% passage date at Rock Island.
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V. DISCUSSION

A. Passage Indices

Passage indices, which provide a measure of run magnitude, are comparable with

prior years for a given species at a particular project. This is true to the

extent that collection efficiency remains relatively constant among years, The

high collection of sub-yearling chinook at Rock Island in 1986 may be influenced by

the high spring flows causing larger numbers of small wild sub-yearling chinook to

be present and to enter the orifices than in 1985, when flows were Power. High

spill levels would result in large expansions to an already inflated collection

relative to 1985, so that the 200% passage index increase from 1985 to 1986 may

actually be much lower.

Another factor that can affect the estimate of a passage index is the extent to

which the passage index adjustment does not adequately account for passage through

spill. This adjustment assumes that passage through the powerhouse and spill is

proportional to flow. Rock Island's spill efficiency tests conducted in 1984

indicated that more yearling chinook may pass through spill than the passage index

adjustment allocates (Steve Hayes, Chelan PUD, personal communication). From April 24

through June 2, approximately 27% of yearling chinook passed through 15% of spill at

Rock Island. This suggests that 16% more yearling chinook should be accounted for

in the passage index. Since spill lasted a longer period in 1986 than in 1985, the

underestimating of a passage index would be greater in 1986. This means that the

33% difference between the two years stated in the results section may be closer to

a 22% difference. These examples have been provided to show what passage index

values are influenced by changing FGE and spill effectiveness levels at a given

project, and comparisons among years must take this into account.

B. Travel Time

The accuracy of travel time determination is dependent upon the distribution of

the brand recoveries at the upstream and downstream projects around the reach of

interest. Often a sample size of 50 or more would give a reasonable distribution,
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but occasionally  a brand group with several hundred fish recovered has an erratic

recovery pattern, and subsequent travel time estimates appear questionable.

The greatest difficulty in determining what would appear as a reasonable travel

time estimate has been in John Day pool. Three brand groups of yearling chinook

and 11 brand groups of steelhead had travel times of 1 day or less between McNary

and John Day dams. It is unlikely that yearling chinook and steelhead smolts

would travel 76 miles through a reservoir in a day or less.

How fish pass McNary and become part of the sample there may help explain why

short travel time estimates are obtained for John Day pool. Only fish passing

through the bypass system have the opportunity to be sampled. There can be a delay

in travel through the bypass system and out of the wet separator that is not

experienced by fish passing the project through spill bays or turbine units. With

FGE levels in excess of 70% at McNary for yearling chinook and steelhead, the

majority of fish would pass through either the bypass system or spill bays, rather

than through turbine units. Little delay would be expected of those fish passing

through spill. Approximately half of the steelhead entering the bypass system

would be transported, thus avoiding John Day. Therefore, one would expect the

greatest chance for abnormal travel time estimates to be during steelhead

migration, when spill levels are higher and more fish are transported.

In 1986, none of the steelhead groups from the mid-Columbia provided realistic

travel time estimates for John Day pool. These migrants may be more susceptible to

passage through spill if they follow the Washington side of the Columbia below the

confluence with the Snake River. If the fish passing through spill arrive earlier

at John Day than the bypassed fish, and a large percentage of the bypassed fish are

removed for transportation, then the result would be an earlier arrival

distribution at John Day than if all fish had passed McNary the same way and

experienced no transportation removals.
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The Passive Integrated Transponder (PIT) tag evaluation study provided another

group of spring chinook and steelhead which could be compared to SMP travel time

results. Juvenile spring chinook (N=2450) and steelhead (N=2437) were marked at

Dworshak National Fish Hatchery with PIT tags to evaluate travel time of the PIT

tag groups compared to freeze branded chinook (N=40,675) and steelhead (N=35,025)

groups marked at the same hatchery. For each species, PIT tagged and freeze

branded groups were released the same date. Since the actual hour of recovery of

PIT tagged fish is known, the recovery date of PIT tagged fish was adjusted to

correspond to a 24-hour sample period beginning at 7am at Lower Granite and noon

at McNary. Figures 27 and 28 show the arrival dates and daily passage index

proportions of the PIT and freeze brand groups at both projects. Median travel

dates for both chinook and steelhead mark groups are listed below:

Lower Granite McNary
Date Date Travel Time(days)

Chinook
FB 4/21 5/11 20
PIT 4/22 5/5 13

Steelhead
FB 5/17 5/26 9
PIT 5/16 5/27 11

The travel time of both the freeze brand and PIT tag groups showed nearly

similar arrival times at Lower Granite for both yearling chinook and steelhead.

The travel time of these same groups was measured from Lower Granite to McNary Dam,

a distance of 140 miles. The PIT tagged chinook had a travel time estimate of 13

days compared to 20 days for the freeze branded group. The PIT tagged steelhead

had a travel time estimate of 11 days which compared favorably to the 9 day

estimate for the freeze brand group. It is not clear why the large discrepency

occurred for spring chinook in the timing of the recovery distribution at McNary.

In addition, PIT tagged groups were recovered in greater proportion than were the

freeze branded groups at both sampling sites. This may be because of freeze

ithin tbrands being missed, sampling anomolies, or other conditions occurrr ing w he

river that may affect one group more than the other.
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A comparison of travel time from Lower Granite to John Day among the three years

of the Smolt Monitoring Program under varying flows did not show consistent results

(Table 22). ‘It is apparent that large fluctuations in flow will show differences

in travel time, whereas small flow fluctuations may not. The higher flows of 1984

showed faster travel time estimates than the succeeding two years which had similar

average to below average flows. However, not all hatchery releases behaved

similarly. Dworshak spring chinook and steelhead data indicate faster travel time

in 1985, the year with the lowest of the three flows. Additional monitoring of

groups at release may indicate different physiological conditions that may have an

influence on travel time.

In the preceding analysis, travel time from Lower Granite to John Day was

computed so that a further comparison to the 1973 to 1983 period investigated by

Sims, et.a1.(1984) could be made. In most instances, the 4-day average yearling

chinook travel time estimate in John Day pool was added to the respective estimates

between Lower Granite and McNary,, and in all cases the 2-day average steelhead

travel time estimate was used for the John Day pool component. For the 1984-1986

data points, comparable average flows were calculated based on a 15-day interval

about the median passage date, rather than about the peak passage date as indicated

in Sims, et.a1.(1984).

The 1984-1986 yearling chinook and steelhead travel time data compared favorably

with the 1973-1983 results. Average travel time per project plotted against

average flow shows 1984 - 1986 data following a common relationship with the data

from earlier years (Figure 29). The average flows for 1984 - 1986 were above 85

kcfs, a region where smaller incremental reductions in travel time are produced

with increasing flows. This coupled with the variability around the flow to travel

time per project relationship may help explain why flow to travel time

relat ionships were not def initive for the 1984 - 1986 data alone.
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TABLE 22 ~___ Comparleon of Flow and Travel Tlac of Yearling Chinook 
and Steelhead from Lower Granite to John Day, 
1984-1986. 

OwER GRANITE 10 J@lk DAY CHINOOK DATA 

501 PASSAGE DATE 1986 50: PASSAGE DATE 1995 SO\ PASSAGE DATE IOU 
______________---------------------- ----------------------------------- ----------------------------------- 

JOA TRAVEL TRAVEL TRAVEL 
RIGIU iGR (OR KN) TINE FLOU L6R ryrr TIRE * FLOW LGR ncN TIRE ’ FLOW 
_______-______-_-___------------------------------- ---------- ------------------------- --------------------------------- 

ANTOOW ?3-Aor 02-&y * 13 95.22 Ob-by 16-&y 16 
.F SA.C+i R. CZ-ky 15aey a 17 97.35 ll-ky 2640~ 16 
APID QIVER ‘9-Apr 07-nay 18 94.53 25-Aor Ot-ky 17 
ELLS CANYOA ‘6-Apr 02-&y 16 95.20 134pr 28-Apr 19 
tiRShAK 21-Agr 12-by 21 98.29 27-Aor 09-ky 16 

(ERAGE 17 96 17 

nCk SO\ PASSAGE DATE. 1 DAYS WERE ADDED TO TRAVEL 71ME 
.CJU fALC?ILA’ED US:NG l & - ’ DAYS AROUND MEDIAN PASSAGE DATE AT ICE HARBOR DAM 

10. : 1 064by 1 way 16 113.23 
92.97 :5-Rby 2348~ 12 175.28 
78.92 28-Aor 07*y 13 109.7s 
92.lb lb-Apr 2f-Apr 13 128.96 
79.72 N/A 

es 11 ‘39 

)WER GRANITE TO J@+i OAY STEELHEAD DATA 

SO\ PASSAGE DATE 1986 SO: PASSAGE DATE 191)s 50% PASSAGE DATE 1984 
------------------ ----------------- ----------------------------------- --------___________________________ 

TRAVEL TRAVEL TRAVEL 
l:G:h iGR nck TIME * FLOV L6R KN TIllE * FLW L6R Kz)r TIME * FL& 
.___________----__-______________ ----------------- ----------------------------------- ----------------------------------- 

tANDE ROUDE 20-by 27-&y 12 131.95 21-May 02-Jun 11 102.18 N/A WA N/A 
KNSHAK ! 7-Pay 26-by 11 111.87 Ol-ky 9 11-&y 82.28 12-ky 20-Bay 10 163.92 

‘ERAGE 12 126 12 92 10 iC4 

lrcrr SO; PASSAGE DATE. 2 DAYS WERE ADDED TO THE TRAVEL TIME 
CM CALCUUTED USING + b - 7 DAYS ARCUND MEDIAN PASSAGE DATE AT ICE HARMR DAM 
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C. Survival Studies

A set of questions was listed in Table 15 of Section IV to aid in assessing

reliability of data used in survival estimation. This list addressed several key

assumptions inherent in the survival design that must be met in order to obtain

unbiased estimates of survival. These assumptions are (a) equality of recovery rates

between test and control groups; and (b) equality of pre-release treatment of test

and control groups and equality of behavioral response of both groups after release.

The latter assumptions were investigated by comparing length distributions and

fish quality of test and control groups prior to release, and looking for declining

recovery rates and migration speeds of control groups over time. The length

distributions were not significantly different in all replicates except for two,

and in those instances the significant length difference between groups was only

4mm. As stated earlier, it is felt that these small length differences would not

have any effect on the survival estimation. Upon release from Winthrop, Wells, and

Lyons Ferry hatcheries the study fish appeared healthy based on visual observation.

Brand burning was very light at Wells Hatchery this year. Wells steelhead appeared

more smolted than Lyons Ferry steelhead at release. This may account for the

residualism observed in Lyons Ferry steelhead.

The migration speed of control groups was much slower than that of test groups

in general. Since control and test fish for a given replicate are released the

same day and presumably at the same smoltification level, their migration speed

from release to recovery sites should be fairly similar. Given the observed

pattern of slower to faster migration speeds as brand groups move downstream, the

test fish would undoubtedly be migrating faster than the control fish when they

reach the control zone (i.e., river reach from control group release to recovery

site). They potentially would be exposed to less predation in the control zone due

to less duration in that zone. This could result in an overestimation of survival.
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However, the slower migrating Winthrop control groups may not be experiencing

greater mortality than the test groups in the control zone based on indirect

comparisons with in-river marked groups. The SMP control groups migrated to McNary

60% slower than in-river branded spring chinook released at Priest Rapids. The

proportion of these hatchery and in-river groups recovered at McNary and John Day

was nearly identical, indicating similar relative survival (Table 23). No in-river

steelhead groups were available for comparison with the Wells and Lyons Ferry

control groups.

Since smoltification levels often intensify after release (Rondorf et.al., 1985)

and a period of migration in the river, the assumption of behaviorial similarity

between test and control groups may change dramatically by the time the test fish

are in the control zone and both test and control groups are passing the recovery

site. Because of this potential impact on the design assumptions, an added

objective of the 1987 SMP looks at smoltification levels of test and control groups

at time of release and time of recovery.

In addition, stress will be investigated in the 1987 SMP at time of release,

since test and control groups do not experience the same degree of transportation

time to the release sites. Winthrop spring chinook controls are trucked 3.5 hours

to below Priest Rapids Dam, whereas the test fish are not trucked at all. Wells

steelhead controls are trucked 2.5 hours to the same site, whereas test fish are

trucked only 0.5 hours. Lyons Ferry steelhead controls are trucked 90 minutes to

below Ice Harbor Dam, whereas test fish were trucked only 20 minutes to below

Little Goose Dam. Therefore, different stress levels may be experienced by test

and control groups. The migration speed differential between test and control

groups is greatest for Winthrop spring chinook, next for Wells steelhead, and

least for Lyons Ferry steelhead. This is the same order obtained for the

differential between test and control groups in trucking time to the release site.
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TABLE 23 Percentage branded spring chinook recovered at Rock Island, McNary,
and John Day Dams.

Group Brand

Winthrop

WiT 1 RA-7c-1

WiC 1 LA-7C-3

WiT2 RA-7c-3

WiC 2 LA-7C- 1

WiT3 RA-7T-3

WiC3 LA- 7 U -  1

Release Release Percentage Recovered JDA Date
Number Date RIS MCN JDA 50% Passage

34466 4/21 0.49 27.3 6.2 5/21

12001 4/21 -- 47.1 19.9 5/18

34485 4/25 0.38 20.3 5.7 5/25

11989 4/25 -- 54.9 19.5 5/18

34353 4/29 0.39 24.1 5.6 5/25

11904 4/29 -- 53.2 22.0 5/19

Leavenworth

LA-7T- 1 40602 4/23 0.77 30.5 8.2 5/23

In-River Priest Rapids Releases

LA-RH-1 9464 4/23-5/3 - -  53.5 24.8

LA- RR- 1 IO438 4/24-5/2 -- 42.0 18.8

LA-RH- 2 12473 5/5-11 -- 48.9 25.2

LA-RR- 2 8898 5/5-8 -- 52.4 28.6

LA-RH- 3 7880 5/12-18 -- 67.9 16.2

LA- RR- 3 5250 5/12-16 -- 49.3 18.9

LA-RH-4 5113 5/20-25 -- 48.9 15.9

LA-RR-4 1521 5/19-23 -- 45.9 18.6

In-River M c N a r y Releases- -

LA-15-3 5620

LA- 1 V- 3 5054

LA- lD- 3 5168

LA- lM- 3 5239

LA- 1 F- 3 5329

LA- lD- 1 5113

L A  1 M- 1 5079

4173-515 -- -- 15.1

5/6-7 -- -- 14.9

517-9 --- -- 20.3

5/9-11 -- -- 19.7

5/11-12 -- -- 19.2

5/17-20 -- --      20.2

5/30-24 -- -- 15.1

5/17

5/18

5/20

5/20

5/24

5/23

5/30

5/29

5/8

5/11

5/13

5/15

5/16

5/23

5/28



The last replicate of both Wells and Lyons Ferry steelhead releases showed a

decline in proportion recovered. This may be due to added stress experienced by

these fish which may be more smolted due to the later release date. Since the test

group also experiences the reduced recovery rate, the impact of this added

mortality factor on the survival estimates appears minor. In-river branded

steelhead released below Little Goose also exhibited a decline in recovery

proportion at McNary and John Day over time (Table 24). The lower proportion of

Lyons Ferry test groups recovered relative to the in-river groups may be a function

of residualism and initial hatchery related mortality.

The recovery proportion of Lyons Ferry steelhead control groups is lower than

that of test groups for 2 of the 3 replicates, resulting in survival estimates in

the test zone greater than 100%. Either control fish are subjected to higher

predation in the control zone than test fish, residualism is higher for the control

groups, or the collection efficiency of control fish is lower at McNary than that

of test fish, or a combination of all.

One explanation that has been suggested for the Lyons Ferry survival results is

that the control fish encountered unusual concentrations of predators near the

release point. Past studies have shown that concentrations of predators can be

present in the tailrace of hyroelectric  projects (Sims et.al, 1976-1978). This

hypothesis was tested by having the release location of the control groups on the

other side of the river from where they were released in 1985. Release location

did not appear to make any difference. It may be that control fish, being

concentrated together and disoriented immediately after release, are more

susceptible to predators than actively migrating test fish below Ice Harbor.

Another explanation is that there is a higher level of residualism in McNary

pool of control fish than is experienced by test fish above Ice Harbor Dam. If

test fish become hold-avers in the test zone, the results would appear as increased
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steelhead recovered at Rock Island, McNary,,TABLE 24 Percentage branded
and John Day Dams.

Group Brand

Wells

WeT 1

WeCl

WeT2

WeC2

WeT3

WeC3

LA-7N-1 29451

RA--iP-1 11780

LA-7N-3 30046

RA-7P-3 11575

LD-7N-1 29992

RD-7P-1 11943

Lyons Ferry

LyTl RA-7F-1

LyCl L A - 7 U - l

LyT2 RA-7F-3

LyC2 LA- 7U-3

LyT3 RD-7F- 1

LyC3 LD- 7U- 1

Release
Number

Release Percentage Recovered JDA Date
Date RIS MCN JDA 50% Passage

5/l 2.7 26.0 12.3 5/19

5/l -- 33.2 24.8 5/14

5/5 2.5 20.6 8.1 5/22

5/5 -- 27.5 20.5 5/15

5/9 1.0 11.9 4.0 5/24

5/9 -- 18.7 14.4 5/20

30035 4/21 -- 36.6 21.2 5/13

11998 4/21 -- 33.0 25.7 5/2

20063 4/25 -- 33.7 18.5 5/16

12034 4/25 -- 37.8 25.8 5/7

20069 4/29 -- 26.9 11.5 5/17

12018 4129 -- 25.8 13.5 5/10

In-River Little Goose Releases- -

LA-P- 1 4319

LA-P- 2 4176

LA-P-3 4964

LA-P-4 4150

LA-W- 1 4249

LA-Y-2 4250

LA-W- 3 4250

LA-W-4 1.287

4/15-27 -- 50.3 32.1

4/29-5/l -- 51.6 29.5

5/1-8 -- 46.6 31.5

518-13 -- 51.7 22.9

5/13-17 -- 53.3 21.3

5/17-22 -- 46.6 15.5

5 /22-27 -- 36.0 14.9

5/27 -- 46.5 none

5/4

5/9

5/15

5/21

5/24

5/29

5/31
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mortality in the test *each. If an equal proportion of control fish become 

hold-overs in the control zone, the impacts of holding over would cancel out. About 

1.1% of Lyons Ferry test and 0.2% Lyons Ferry control fish from the-1985 survival 

study releases passed M&Nary early in 1986. It'is unknownwhat proportion of Lyons 
'. " 

Ferry fish actually were holdovers, since what is observed in the spring of 1986 is 

only those fish surviving the additional year in the reservoirs above McNary. 

The amount of residualism in the 1986 Lyons Ferry Hatchery releases is equally 

unknown,; but it could be a significant proportion. One-third of the, steelhead 

collected at Lower Monumental after August 1, 1986, were from Lyons Ferry Hatchery, 
,’ 

Virtually all of the hatchery production released on-site and below Little Goose 

Dam as part of the FPC survival studies were branded. A higher proportion of fish 

from the first and third survival test releases were recovered than from the second 

survival test release. This second test release matched the migration period of 
1, 

the production release most closely. The second replicate group did not have an 

estimate of survival in excess of 100 percent. ' 

The third explanation of different collection efficiency of test and controls at 

McNary will be discussed next.,..This discussion applies to Winthrop and Wells 

groups in addition to Lyons Ferry groups. The survival design assumes that the 

recovery rates of test and control fish are equal at McNary. But before 

investigating this assumption of equality of recovery rates (i.e., equal collection 

efficiency), it is safe to conclude that behavioral difference between test and 

control groups have occurred. These differences could create differential survival 

in the control zone between test and control -groups, thus causing the potential for 

over-estlmating survival in the test reach. These behavioral differences could 

also influence the recovery rate at McNary. 

The issue of whether collection efficiency of the two groups is different may 

best be investigated by comparing recovery proportions observed at McNary to those 
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downstream at John Day. This comparison requires several assumptions pertaining

to mortality in John Day pool and collection efficiency at John Day. For this

analysis, additional assumptions are made: (1) test and control groups experience

the same mortality rate in John Day pool; (2) the same collection efficiency at

John Day Dam; and (3) similar proportions removed for transportation at McNary.

Nevertheless, this approach can provide insight into how test and control groups

are recovered at McNary.

First, several potential scenerios are presented:

(1) If survival in the control zone is the same for test and control groups

and the collection efficiency at McNary is the same, survival estimates

based on McNary and John Day recoveries should be very close.

(ii) If survival in the control zone is lower for control than test fish and

collection efficiency the same, the observed recovery proportion of

controls at McNary and John Day would be lower than expected from (i).

An overestimation of test reach survival would result.

(iii) If survival in the control zone is equal among test and control groups

and the collection efficiency of control groups is lower at McNary, the

observed recovery proportion of controls would be lower than expected

from (i) at McNary and higher than expected from (i) at John Day. An

overestimate of test reach survival would occur based on McNary

recoveries and an underestimate would occur based on John Day recoveries.

Proportions of test and control fish from Winthrop, Wells, and Lyons Ferry

hatcheries recovered at McNary and John Day dams result in survival estimates that

are lower at John Day in all cases (Table 25). If all assumptions are being met,

both recovery sites should produce similar survival estimates for the test reach.

Determining wh is not a simple task;ich assumptions are being violated
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TABLE 25 

Group 

Winthrop 

Wells 

Teit r~ach.surVivCll.estim~g8s:liasBd bmzMcNary versus ,John .Day test and 
control recovery proportions. 

, 

Replicate 

, 1 .' .2735 I4694 

2 * 2029 .5489 

3 .2394 .5280 

Average .239 .51’5 

1 

2 

3 

Average 

.2603 .3308 

.2040 .2751 

.1206 l857 l 

,195 ,264 

Lyons Ferry 1 .3633 .2990 : 

.' ; 2 .334,q .3,736 ! 

3 l 2679 .2618 

Average ,322 l 3ii 

a 

i 

.’ 

), 

.‘, ;, 

.,/ /I !:, 

I 

McNary 
Proportioil " : Survival 

Test Control Estimate 

.583 ; 0623 

.370 .0568 

.454 .0564 

.466 ,059’ 

.787 

. 742 

.649 

,726 

. 1233 

.0812 

.0399 

,081 

1.215 

,894 

1.023 

1.044 

.2118 

. lS!j? 

.1152 

1’171 

; .,,, 

John Day 
; Proportion: Survival 

Test Control Estimate 

.1985 .314 

.1953 .291 

.2203 .256 

.26’5 .287 

.2484 s 

.2046 

.1442 

.199 

.496 

.397 

.277 

,390 

.2568 .825 

.2578 .719 

.1350 .853 

,217 .799 

‘, 

i16 



however, by scrutinizing key components (i.e., test and control zone survival and

project collection efficiency) incorporated in the survival estimation, it may be

feasible to hypothesize which assumptions are not being met.

In the analysis to follow, an attempt was made to modify values of the key

components in order to make the expected recovery proportions match the observed

proportions of test and control fish at McNary and John Day simultaneously. A

schematic of the key components involved from release to recovery site and formulas

for computing expected recovery proportions at McNary and John Day are shown in

Figure 30.

To simplify the approach, several additional assumptions and value assignments to

key components were made. The average of the proportions and survival estimates

from the three replicates (Table 25) is used, since relative changes between McNary

and John Day-based survival estimates are fairly consistent across replicates.

Initial values assigned to survival in the control zone to McNary and additional

control zone to John Day are set to 0.8 (i.e., 20% mortality in each control zone).

Since the passage index at McNary essentially adjusts the number of fish collected

to the expected number collected as if no spill is occurring, the fish guidance

efficiency (FGE) values of 83% for spring chinook and 76% for steelhead given in

Kcrma, et.a1.(1983) are used. Fish are then given the option of passing the

project through the bypass system with a 2 percent mortality assigned or passing

through the turbine units with a 10% mortality assigned (see formulas in Figure

30). The proportion using the bypass system that are not transported have an

opportunity to continue their migration to John Day. The proportion removed for

transportation was obtained b y  adding the number collected in the "B" tank through

June 1 and number collected after June 1 in both tanks and dividing by total

collected for the brand group of interest. An average of the three replicates is

used for the transportation component.
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FIGURE 30 Illustration of methodology used to derive expected proportions
recovered at McNary and John Day dams based on various survival
components from release to recovery site and collection efficiency
at recovery site.

Mid-Columbia Snake River
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= Survival after initial mortalities related to hatchery condition

= Survival in test zone

= Survival in control zone to McNary Dam

= Survival in additional control zone to John Day Dam

= Collection efficiency at McNary. Since passage index adjusts collection

to a no spill condition, the FGE estimate used here.

= Collection efficiency at Unit 3 John Day.

= Proportion transported at McNary.

Formulas for expected proportions recovered

McNary--Test:

PT (MCN) = So ST SC1 EI

McNary--Control:

PC (MCN) = So SC1 El

John Day--Test:

PT (JDA) = So ST SC1 (El (l-TQ(.98) + (i-E$(.90)) SC2 E2

John Day--Control:

? c (JDA) = so scl (El (l-Tl)(.98) + (1-E1)(.90))  SC2 E2



Theoretically, the initial survival component S
0

can be viewed as measuring the

initial mortality hatchery fish experience when released. It applies a constant

reduction to both test and control groups above what may be viewed as mortality

occurring by migrating through a particular reach. In the analysis, this component

is computed as the proportional reduction necessary to obtain expected recovery

proportions close to the observed proportions at McNary given the estimated test

zone and assumed control zone survival values and assumed collection efficiency

(i.e., FGE value), Therefore, the interpretational value of So is relative to the

magnitude of the other survival estimates.

Theoretically, the component E
2
would be the collection efficiency at Unit 3 at

John Day. However, this component encompasses more than FGE and spill efficiency

since only one gatewell of a high fish passage unit is monitored. As was the case

with the preceding component So, the E2 component is computed as the proportional

reduction necessary to obtain expected recovery proportions close to the observed

proportions at John Day. This proportion reduction is applied equally to test and

control groups.

The results of the investigation indicate that the average survival estimate for

the test reach may be too high for both the Wells and Lyons Ferry test releases

based on McNary recovery proportions, but too low for the Wells test releases based

on the John Day recovery proportions. The Lyons Ferry average survival estimate

based on John Day recovery proportions may be fairly reasonable. The average

survival estimate for the Winthrop test releases appears quite reasonable based on

the McNary recovery proportions, and too low based on the John Day recovery

proportions. How these conclusions were reached are discussed for each hatchery

group in the following paragraphs.

'The average survival estimate in the test reach for Wells Hatchery steelhead was

/ 3 %  based on McNary recoveries and 39% based on John Day recoveries (Table 26).
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TABLE 26 Comparison of predicted test and control group proportions recovered at McNary and John Day 
dams giventhree survival estimates for mid-Columbia test zone for Wells Hatchery steelhead. 

' Survival 
Observed Predicted 
Proportion Proportion 

Recovery per Recovered Recovered 
Group Site Project sT so -% E1 T1 SC2 5 - - - - MCN JDA MCN JDA 

- -- P --- 

WeT EiCN i-9 4 .73 .44 .:8 .76 .47 .8 .63 .195 .081 .195 .079 
WeC MCN -- -- .44 .8 .76 .45. .8 .63 .264 .199 .268 JOi 

. z -- 
0 

WeT JDA ,83 .39 .82 .8 .76 .47 .8 .63 .195 .081 .194 .079 

WeC JJ)A -- -- .82 .8 .76 .45 .8 .63 .264 .199 .499 .201 

WeT Neither .86 .47 .69 :8 .76 .47 .8 .63 .195 .081 .197 .080 
WeC Neither -- -- .69 .8 .48 .45 .*8 .63 .264 .199 .265 .202 



How the various key components are computed in this table as well as in the

subsequent tables for the other study groups is as follows. The first two rows

refer to McNary as the recovery site ("McNary-based estimate"). The component So

is computed to make the predicted McNary test and control recovery proportion agree

to the observed. The next two rows refer to John Day as the recovery site ("John-Day

based estimate"). The component So is recomputed to balance the predicted and

observed test proportions at McNary, and the predicted control proportion is simply

computed using this So value. The component E2 is computed to balance the predicted

and observed test and control proportions at John Day. The value of E2 is then

applied to the test and control groups in the first two rows, The expected test

and control proportions at John Day for a McNary-based estimate are now computed.

The outcome is that the observed proportion at John Day is higher than expected

if the McNary-based values are "true", and the observed control proportion at

McNary is lower than expected if the John Day-based values are "true". These

conditions would imply that the collection efficiency at McNary is lower for

control than test groups assuming survival in the control zones is the same between

groups. The result would be that the McNary-based estimate was too high and the

John-Day based estimate too low. If the McNary-based estimate is in fact "true"

then one would have to assume over 50 percent of the test and control groups

experience initial mortality soon after release. It would appear unlikely that So

would be so low, and then survival per project be so high (94%).

The last two rows of the table give a hypothetical survival estimate for the

test zone and a revised value for S o between the original two estimates. This

illustrates that reducing the collection efficiency on Wells control groups can

provide expected recovery proportions comparable to the observed proportion at both

recovery sites. The recomputed So appears more reasonable as a measure of initial

mortality of hatchery fish after release and the 86% survival per project estimate,
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which includes reservoir mortality, appears more reasonable. This exercise does

not demonstrate that the test zone survival should be 0.47, but rather implies that

the estimate based on McNary recoveries may be high due to violation of design

assumptions.

The average survival estimate in the test reach for Lyons Ferry Hatchery

steelhead was in excess of 100% based on McNary recoveries and 80% based on John

Day recoveries (Table 27). The observed recovery proportion of control fish at

McNary was lower than expected if the John Day-based estimate is "true". This

would imply that the collection efficiency for the control group was lower than

that of the test group, and the test survival estimate lower than actual. However,

it is unlikely that survival per project is higher than that obtained by the

John-Day based estimate. By assuming a reduced survival on the control group and

lower collection efficiency operating simultaneously, it is possible to get

agreement between control and test group recovery proportions at both sites and

still maintain an estimate of test reach survival similar to that based on John Day

recovery proportions.

What can be concluded from this example is that the unrealistic (greater than

100%) survival estimates based on McNary recovery proportions are due to violations

of the design assumptions. Small changes in survival and collection efficiency can

lead to more reasonable estimates.

The average survival estimate in the test reach for Winthrop Hatchery spring

chinook was 0.47 based on McNary recovery proportions and 0.29 based on John Day

recovery proportions (Table 28). The observed recovery proportion of test fish was

lower than expected at John Day if the McNary-based estimate is "true". The

observed recovery proportion of test fish was higher than expected at McNary if the

John Day-based estimate is "true". No feasible adjustment can be made for the test

group in the McNary control zone, Scl, or collection efficiency value, E 1' to
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TABLE 27 Comparison of predicted test and control group proportions recovered at McNary and John Day
dams given three survival estimates for the lower Snake River test zone for Lyons Ferry
Hatchery steelhead.

Survival
Observed Predicted
Proportion Proportion

Recovery per Recovered Recovered
Group Site Project

sT so scl E1 T1 SC2 E2    MCN JDA MCN JDA
- - - - - - -

LYT MCN 1.00% 1.04 Not Applicable . 322 .171
LyC MCN . 311 .217

w
h)
L-J LYT JDA .89 .80 .65 .8 . 76 .41 .8 .77 .322 .171 .168

LyC JDA -- -- .65 .8 . 76 .37 .8 .77 .311 .217
:395 316

.220

LYT Neither .88 .77 .69 .8 .76 .41 .8 .77 .322 .171 323 .I71
LyC Neither -- -- .69 .71 .63 .37 .8 .77 ,311 .217 .309 .218



TABLE 28 Comparison of predicted test and control group proportions recovered at McNary and John Day
dams given three survival estimates for the mid-Columbia test zone for Winthrop Hatchery
spring chinook.

Observed Predicted
Survival Proportion Proportion

Recovery per Recovered Recovered
Group Site Project

sT
S S

C l E1 Ti SC2 E2   - __MCN JDA MCN JDA
0- - -  _- -   

WIT MCN .86 .47 .78 .8 .83 .14 .8 .45 .239 .059 .243 ,090
WiC MCN -- -- . 78 .8 .83 .08 .8 .45 .515 .205 .518 ,202

r
ro
lb WIT JDA .78 .29 .78 .8 .83 .14 .8 .45 .239 .059 .150 .056

WiC JDA -- -- . 78 .8 .83 .08 .8 .45 .515 .205 .518 .202

WiT MCN .86 .47 .78 .8 .83 .14 8 .30 .239 .059 .243 .060
WiC MCN -- -- . 78 .8 .83 .08 .8 .45 .515 .205 .518 .202



obtain agreement between observed and expected recovery proportions. Rather, only

by reducing either the test group survival in John Day pool, Sc2, the collection

efficiency values, E
2'

or both, can agreement be reached.

Although it is feasible that this reduction in proportion of test fish recovered

at John Day can be a function of lower John Day pool survival or lower collection

efficiency, only the reduction in component E2 is shown in Table 28. The median

date of passage for the Winthrop test groups was close to a period when both flow

in John Day pool was low and spill was very high. Passage counts on May 25 - 27

were extremely low. On average, 4.6% of the test fish were recovered on those

three days, whereas 22.1% were recovered on the following three days, May 28 - 30.

Spill levels averaged 44% of the flow on May 25 and 26 with flows averaging 205

kcfs, whereas on May 27 flows increased to 285 kcfs, and for May 28 - 30 flows

increased to 339 kcfs with spill levels averaging 19% over this four day interval.

It is apparent the Winthrop test groups were more affected by this project

operation than the control groups since the control group date of median passage

was up to a week earlier at John Day. It is feasible that the migration slowed

during the low flow days exposing more test fish to predation than control fish,

or the spill efficiency in passing smolts at high spill levels may have been higher

than that inherent in the passage index adjustment.

The conclusion of this example is that the McNary-based average estimate of test

reach survival is more reasonable than that based on John Day recovery proportions.

The 86% survival per project appears reasonable and close in magnitude to the

hypothetical estimates generated for steelhead.
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VI. HATCHERY  RELEASES-- -.--.  -^ ---.-

The FPC worked closely with federal and state fishery agenies to ensure

that hatchery fish received favorable migratory conditions after their release.

The Water Budget managers make flow and operations management decisions based

on arrival of fish at mainstem projects. Since most of these fish are from

hatcheries, it was necessary to he aware 0 f hatchery release dates and

anticipate time of arrival o f  these fish at mainstem dams for the purpose of

making operations requests. 'The FPC reported hatchery releases in a Weekly

Report which was sent to all entities interested in the juvenile migration.

Annually, millions of juvenile hatchery-reared salmonids are released above

Bonneville Dam to begin their migration to the ocean. About 66.3 million hatchery

salmonids were reieased in 1986 (Table 29); this was about 2.4 million more than in

1983 and 1985, dnd about 8.8 million less than in 1984, Juvenile release totals in

the Snake River have been increasing annually with additional lower Snake River

ccmpensation  hatcheries on line. Both the mid and lower Columbia hatchery release

totals for 1986 were about the same as 1985 and lower than 1983 and 1984. The

"tule" stock fall chinook releases have decreased by about 7 million since 1983,

mainly due to reduced adult returns and subsequent less egg/fry production.

The fish totals show-n are t h o s e  which were planted at hatcheries or hauled to

streams generally from fish releases made from September 1, 1 9 8 5  to August 31,

1986. We belived this time period gives the best picture of fish migrating in

1986 For example if s u b - y e a r l i n gg spring chinook were released in September 1985,

they would be included as a 1986  migrant unless the fish agency recommended that

this release group be classified as 1985 outmigrants,

Not all fish which are released from hatcheries  will migrate. Thus., the release

totais only represent those which are actually accounted for at release t i m e The

agency releasing t h e f i s h  makes the final decision as to t h e migration year.



It should be noted that releases do not include fry outplants made in various

streams in Idaho, Washington, and Oregon. Since there are no set estimates of

fry/smolt  survival for the Columbia Basin, release totals are not included for fry

plants. About 945,000 spring/summer chinook fry and 3 million steelhead fry were

outplanted in 1986 in Idaho, which illustrates that outplanted releases are

substantial.
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TABLE 29 SUMMARY OF FISH RELEASES BY SPECIES AND RELEASE AREA FROM 1983 TO 1986 

River Area 

19862 
Snake R. 
Mid-Col. R. 
Lower Col. R. 
TOTAL 

1985 
Snake R. 
Mid-Col. R. 
Lower Col. R. 
TOTAL 

1984 
Snake R. 
Mid-Col. R. 
Lower Col. R. 
TOTAL 

1983 
Snake R. 
Mid-Col. R. 
Lower Col. R. 
TOTAL 

.L : 
Spring Summer Fall Chinook 
Chinook Chinook Brights Tule Coho Steelhead Total 

." 

:-~ 5,513,135 982,443 2,271,520 0 0 7,586,945 -16,354,043 
4,437,238 1,992,057 10,385,476 0 554,563 1,494,630 18,863,964 
6,581,373 0 4,276,328 14,797,393 4,883,127 566,627 31,104,848 

16,531,746 2,974,500 16,933,324 14,797,393 5,437,690 9,648,202 /66,322,855 

7,086,889 781,405 1,317,921 0 0 5,849,153 15,035,368 
4,715,729 1,630,322 10,689,637 0 388,790 1,344,712 -18,769,190 
6,344,905 0 5,298,276 15,505,925 2,162,846 738,290 30,050,242 

18,147,523 2,411,727 17,305,834 15,505,925 2,551,636 7,932,155 63,854,800 

8,054,425 356,673 427,191 0 0 6,214,760 '15,053,049 
517,100 1,422,329 24,858,362 6,129,744 1,240,865 15,548,324 0 

6,398,645 0 3,604,403 20,773,294 3,905,834 534,124 35,216,300 ~ 
20,582,814 1,597,538 19,579,918 20,773,294 4,422,934 8,171,213 75,127,711 

5,626,OOO 264,000 115,000 0 0 3,475,OOO , 9,480,OOO 
4,369,017 1,608,798 12,537,557 0 

21,200,0001 
535,029 1,235,OOO 20,285,401 

4,743,,230 0 2,370,249 5,385,004 447,000 34,145,483 
14,738,247 1,872,798 15,022,806 21,200,000 5,920,033 5,157,ooo 63,910,884 

1 1983 Tule Fall-Chinook numbers are estimated. 

2 1986 data is preliminary; includes revisions through l/30/87. 

Note: 210,000 sockeye were released 6/84 by IDFG in Stanley and Alturas Lake (Snake River area). 



VII. CONCLUSIONS  and RECOMMENDATIONS

o The 1986 average January through July runoff was 21% above average in the Snake

River, 8% below average in the mid-Columbia, and 1% above average in the lower

Columbia. For comparisons of travel time and survival of salmonid marked groups

in the 1984 - 1986 SMP studies, 1986 was an intermediate flow and spill year

between the higher flow and spill year of 1984 and the lower flow and spill year

of 1985.

o Passage indices, which provide a relative measure of run magnitude, are

comparable among years for a given species at a particular project. This

comparison is accurate to the extent that collection efficiency remains

relatively stable among years. Minor relative changes (i.e., less than 25%) in

passage indices occurred between 1985 and 1986 for all species at Lower Granite

and all species except coho at McNary. Much larger relative changes occurred

between 1984 and 1985 for all species at these two projects. Large relative

changes (i.e., 200% and above) in passage indices occurred between 1985 and 1986

for sub-yearling chinook and coho at Rock Island,

Recommendation: Future research should be directed at evaluating collection

efficiency at key collection sites such as McNary, Lower Granite, and Rock Island.

0 Sampling occurred at: Lewiston trap from March 15 through May 29; Lower Granite

from April 5 through July 24; Lower Monumental from March 25 through August 23;

Rock Island from April 1 through August 31; McNary from March 26 through

September 26; and John Day from March 28 through October 30.

o At Lower Granite, yearling chinook appear to have been migrating slightly

earlier each year since 1984, while steelhead have been consistent in migration

dates over the three years. In the mid-Columbia, spring chinook migration

timing began about one week later in 1986 than 1985; but the date of median

passage was close both years. Steelhead migration dates at Rock Island were
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consistent between 1985 and 1986, coho migration was about one week earlier in 

1986 due to an earlier hatchery release, and’, the sub-yearling chinook date ‘of 

med1an.passag.e. was a full month..eatlier~due:,to,,the sustainedjhigh flow and spill 

during the..first 10 days of June, McNary migration timing of! yearling chinook, 

sub-yearling rhinook ,,steelhead and sockeye was fairly consistent among the 

three years, 1984-,1986. Coho migrated past, McNary about 2 weeks later in 1985 

than in 1984 or 1986,; app,arently due to the later hatchery release date and 

lower flows in 1985. The migration timing at John Day in 1986 was very similar 

to McNary. for steelhead, cohol,and sockeye, , while the yearling and sub-yearling 

chinook,date$of median passage was 4 and ,12 days,later, respectively. Due to 

the high spring flows and associated high spill levels from the end of May 

,through :the first 10,days of June,.exceptionally large’ collect,ions of wild 

sub-yearling chinook fry were made. earlier than usual it Rock*Is,land,, McNary and 

John Day in l986. . .! .I 

o A large number .df brand, groups; both hatchery and’in-river marked smolts, were 

available‘to,estimate travel timeiin various reaches rof’the basin -this year.’ 

Results from branded fish marked, for the Smolt Monitoring Program’were augmented 

with travel:time results from other,hatchery’evalu&ion and transportation 

research releases. 'In 'general, the following.summarized the 'travel time t 

patterns expressed in terms of migration speed observed in 1986. Yearling 

chinook averaged approximately 11 miles sper day in the,lower Snake (from Lower 

Granite .to ‘MeNary), 10.5 miles/day in-the, mid-Columbia (from Methow River to 

McNary.) and 20 miles per day from McNary to,John Day. -Sub-yearling chinook 

groups ranged from about',31to 6 miles/day when migrating through John ;Day pool. 

They appear to reside'in John Day pool for up to.one,:month before moving 

downstream. Sims, et.al. (1984) found that sub-yearling chinook were residing 

in John Day pool for about.22 days. This makes their,migration speed greater 

than 3 miles per, day. Stee.lhead*averaged between 15 and 20 miles/day in the.. 

', ' : 
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lower Snake (between Lower Granite or Little Goose and McNary). In the 

mid-Columbia (between Methow River and McNary) , steelhead traveled at a speed of 

approximatqly 15 miles/day. From McNary to John Day , steelhead appear to travel 

about 35 miles/day, but these may be overestimates based on the Section V 

discussion of reliability of John Day pool travel time estimates for steelhead. 

o Comparison of travel time from Lower Granite to &Nary between freeze branded 

and PIT tagged Dworshak spring chinook and steelhead showed close agreement for 

steelhead and a one week difference for spring chinook. The dates of median 

passage at Lower Granite were within one day for all paired groups, Likewise, 

the dates of median passage at McNary were within one day apart for steelhead 

groups. However, the date of median passage at McNary was 6 days earlier for 

the spring chinook PIT tagged group than that for the freeze branded group, In 

all cases, PIT tagged groups were recovered in greater proportion at both 

sampling sites than were the freeze branded groups. 

Recommendation: NMPS has a proposal to investigate at differences in recovery rates , 

between freeze branded and PIT tagged smolts in the 1987 SMP. That study should 

address possible causes for the difference in timing of the recovery distributions 

of freeze branded and PIT tagged spring chinook at McNary. 

o, Average travel time per project of the 1984-1986 SMP branded groups compared 

favorably with the travel time per project to flow relationship generated with 

data spanning the past 14 years between Lower Granite and John Day. 

o Survival estimates within the mid-Columbia from the Methow River to below Priest 

Rapids Dam were obtained for Winthrop Hatchery spring chinook and Wells Hatchery 

steelhead. Survival of Winthrop spring chinook averaged 46.8% and survival of 

Wells steelhead averaged 72.2%. This gives an average survival per project 

estimate of 86% for Winthrop spring chinook and 94% for Wells steelhead. An 

i31 
I 
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examination of the recovery proportions of Winthrop and 'Wells test and control 

groups at both,McNary and John Day, suggests, that the Winthrop group,survival 

estimate appears ,reasonable; but ,the Wells group survival estimate may be biased 

high due to potential design assumptionviolations (see Section V discussion), 

o ,For the second year; survival estimates in the'lower Snake River from below 

Litt&le,Goose to below Ice Harbor Dam greater than 100% were obtained for Lyons 

Ferry steelhead. An examination of the recovery proportions of Lyons Ferry test 

and control groups at both McNary and John Day suggests that biased estimates 

may be due to~assumption violations (see Section V discussion). 

Recommendation: In conducting survival studies with test and control releases, 

examination of whether the assumptions are being violated is,an important 

consideration. This is not an easy task since the researcher cannot directly test 

for assumption violations. In the 1987 SMP, investigation of,the smoltification 

levels and stress of test and control groups,'at release, and at McNary upon 

recovery, is planned. This would provide indirect evidence of differences between 

paired test and control groups that could violate design assumptions. In addition, 

since achieving mixing at .McNary is not possible for test and control groups 

released long distances apart, further research is needed into whether the 

assumptions inherent in the passage index adjustment are reasonable (e.g., spill 

efficiency equals l.O).' Assessment of whether collection efficiency is stable over 

time within the year and among years.at McNary would be useful. Also the effect,of 

smoltification level on collection efficiency needs to be researched. Different 

release strategies may 'need to be explored if excessive $mortality is occurring at 

release site fol1owing.a truck release. In conclusion, design assumptions need 

more thorough scrutiny in future years. 
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APPENDIX I: 1986 Columbia Basin Hatchery Releases 

Hatchery Releases 

Summaries of hatchery salmonids released into the Columbia River Basin above 

Bonneville Dam are presented in Tables A-l and A-2. Table A-l includes 

hatchery releases made between September 1, 1985 and August 30, 1986 that were 

classified as active migrants in 1986. Table A-2 includes releases made in 

1986 that were classified as 1987 migrants. 

Each report is organized in alphabetical order by agency and hatchery, 

respectively. Within each Agency/Hatchery section the individual releases are 

in ascending order by the start date of the release. The number of releases 

and total number of fish released is summarized by hatchery and agency. Table 

headings requiring clarification are defined below: 

AGCY = The agency, tribe or private company responsible for the release, 
identified by an acronym. 

BRD YR = Brood year; the year of egg production. 

MGR YR = Migration year; the year that all or the majority of the fish 
release are expected to migrate. 

RELEASE DATES = The start and end dates of the release period. 

ZONE = Major river zone of the release site; LCOL = Lower Columbia River 
system? MCOL = Mid-Columbia River system; SNAR = Snake River 

system. 

FPC LOT ID = An identification number assigned by the FPC to each hatchery 
release. 

Brand Releases 

The brand release table (Table A-3) summarizes freeze branded fish released 

above Bonneville Dam from September 1, 1985 through August 30, 1986. Branded 

fish released below Bonneville as part of the FPC/COE transport study are also 

included in this table. Table A-3 is organized similarly to the hatchery 

release tables (Tables A-l and A-2). Each major release in the brand release 

table (identified by a unique lot ID) includes one or more groups of freeze 

1-2 
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brand releases. Each freeze brand group within a major release has a unique

combination of brand location, brand symbol, and brand rotation. The agency,

hatchery and lot ID associated with a major release group can be used to

reference additional information from the hatchery release tables. Major

freeze brand releases listed in Table A-3 with the hatchery identified as

"non-hatchery" (i.e., originating from captures of actively migrating fish) are

not listed in Tables A-2 or A-3. Freeze branded fish released as part of the

FPC Smolt Monitoring Program are identified with a "Y" under the "FPC Brand"

heading. The number of freeze brand releases and total number of fish released

are summarized by major release group (i.e., lot ID), hatchery, and agency.

These totals are indicated by asterisks on the table margins.
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APPENDIX TABLE

A-l

Hatchery  Releases  above  Bonneville  Dam

expected  to migrate  in 1986
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FRWI 6/U/85 TO 1X41/86 

KEY INTCHRY....... SPECIES...... SFID SIZE m ELEfsE IwlEER RELEASE SITE RIVER .a............. FE aysB(TS . . . . . . ..*..*1.....**.11...*11...*................... 
___-___-_----__-_--_- tL-SDX-----r[(SLltl---- JEL-----------~--~----~ LOT III ---------- -- 

USFU YILC4RD ual am 04 17 86 ymi& 100,000 LWIE SIYHON R LWITE WMN R LCOL 86141 

CM0 04 15 06 s/14/86 2t457.169 LLMITE S&tW R LWITESWWR LCiX 06106 
5/14/06 

l HATUERY TOTS%.. 2357,168 FR@l 2 fiREm3 

bmltcv WI4 wcHmux 04 16 06 ygm; 534,292 -R KTIKUR Km 86125 
UIwliRop 

wlxm 04 13 86 4/21m 35,894 IELCU FRD Wi KID CCUMIA R K3L 86126 100x FE. 
.gwlH?w~ 4/29/w 

w !haaK 04 18 86 4/21/W 528,502 KTHW R KlHWR Km. 0.5144 
-Tn 4f2m6 

c IUXIERY TOTpi. 11098,688 FRm 3- 

I 

W@SFftIMiSH WCHf?tXK 84 10 86 t0/01/85 325,823 k&W WRIHGS R W?tl.SFRIWS R LC& 66127 
Z 10/01/85 
I 

C w cHINcID( 04 18 i6 4/09m 420.394 Wdl SPRINGS R l&M SPRINGS R LUIL 86128 foox RV-LV. 
N 4/w/06 

w CHINm 95 9 lbO.189 UMtH SPRIHGS R Cwm WRINGS R Lf& 06140 7?u LV CLIP 
81K Rv CUP 

* LTCSRY TM& 906,405 FROK ’ 3 raLEAsEs l 



FRmat UK.570 
ITIW tMIM FISHRIES SCfiVIa 

IXtLll114dLm _______ ---_--- _______ - ____--______-_ 
FISH FAssAeE OATnSysTEn 

l H a t LlLeLLLBJ~~~~~ 
PAEM. 9 

* -_I 

l Ha*-lmCC*-*.M~ 
* The data are preliaimry ml have been derived fro* various sowces. For l 
+ verification and/or origin of data, contact the operators of the Fish Fe?r?rrqc Ltr 
f Sydrr at (503) 230-4290. 

l . 
l 

I*HiMHH1*-Z-- 
. . -- 

FRUt 6/11/E5 TO 12/31/86 

AX-f WTIXRY.,..... SPECIES...... 
_. 

B?D SIZE &R RfLEAsE WHSER REIBSESITE 
-------------- L-sI~--_~~__-~~----~-- RWER . . . . . . . . . . . . . . . FFt ---WE ZaE 

~S.............~...........~..........~,...~,.,...,~,. 
- 

UW KlIWTAT H caio a4 20 86 MIXED ylnl 1,117,424 KLICKITAT R KLICKITAT R LCU 86153 2&x CUT 63-35-13, 2&i CUT 
63-3S-14; 411-14 220,930 Ra AT 16.9/l& 4/S-29 329,376 
AT 16.2n.B; 4/29-S/12 3!6,115 ML AT 14.1/U; 5/G-5/26 

m 

154,194 REL AT 13.1-i 5/27-W 171,Bw KL AT 13.Ul.B. 

FA MI?axlK 65 98 e.5 4/w/86 
RIG CKEK 4/02/86 

FA CHNCtX 85 72 96 616 CSEK y3& 

FA MIKUi 65 54 86 BIG CSEK gmmg 

WCHINUX 64 8 86 MXXIT4T GE 

FA MiNOfX 
= 55 66 BEG LITTLE bH1l-E 

w l tb%TCXRY MT&e. 
I 

L 
LlosFEKW m MIbJ3m w 10 65 y/E 

FA MINCcX 85 70 86 6/10/86 
&‘lO/eb 

FA MWIK .85 55 86 ;;;o 

48 tklTCtQ7Y TOT&. 

PRIEST RAPID6 H FA CHIiMOK 
PRIEST RAPID? 

e 86 yo;fog 

FA CHIMXX 85 70 a5 mw~ 
PRIEST RAPIDS 

l HATCHERY TOTIY. 

RIRaLD H FA CHIUXK 
PRIEST RI& 6 86 f%%t 

l HATCIiERY TOTAL, 

ldX%ooO KLICKITAT R LICKIT~T R 

1,426&O KLICKITAT R KlXiXITAT R 

1,417,OOO KLICKITAT R KLICKITAT R 

629,900 KLIMIT4T R KLICKITAT R 

358,900 KLIBiIfAT R KLICKITAT R 

5,949,B24 Fml b- 

481,950 LYWS FERRY SEW(Ef? 

11542,168 LYOHS fERRY StWGER 

247,402 EELOV IH? Dhtl !?iNfKE R 

2t271.520 FRW 3F.QaSEs 

196,000 F’RIEST WIDS H tlID MILUWIA R 

6463,COO PRIEST RWIDS H MD COLUlBIA R 

6r559,wo FRCH 2 RaEAsEs 

113wrwJ ffINGmD H HID UILLMBIB R 

1Joo,ooo FRai 1RaEAsEs 

LCU. 

LCOL 

CM 

Lea 

Lc& 

swi 

EOL 

IKXH. 

ItcoL 

86165 

861&d 

05152 

86151 

86167 

86154 

85155 

a6168 

861M 

86156 

66157 

4M FB. 

l 

c 

sfxfB* 249KAwM 
a-fti(3B nsu42). 

100x m-cur 
6?i36443THa337). BARgDmmmTaERvm~n~. 

l 

YEmDo cH1~. 
50x ADaT a-23-30. 

2OSC AD-CUT G-FM-41-2 
4/S 1.47tl W103K M FSL., 6110 1.31 Wloo(( FE REL. 
g FilO2K CUT REL., 6119 1.19~ WlOM FB R&., 

. 

i 

!mi FB. 

l 

~. __ .~ ~~~ .._. ~_-- ~_ _.- ..~ _ .- 



_- t&+TIoHAL fkWt& FIStEXES SERVICE 
FfaFmvBc670 FISH F- DATA SYSEH 
~39~~~----------------------------- -I_________-_ -L.tLLLF;-b-e-L*.R.c-LLU3-Li-- 

PAGE No. 10 

-*XIIW-a~H--I**~,~-~--~~ 
l These dotr are prelitiirmry and have been derived from various l ourcrs. For i 
* verification and/or origin of data, contact the operators of the Fioh rassaqe Data l 
6 System at (503) 230-4290. l 
•*-w&*H**H~M-*w4mu~~ 

FROM 6/11&S TO 12/31/86 

m twcimY.. . . . . . SPECIES.,*... WD SIZE WGR RELEASE lw!ER RumsE SITE RIKR . . . . . . . . . . . . . . . FFC CfWS?iTS .,,,.,.,....,,,,~.,.,,,.,...,,..........,...**...... 
----- /-sIpcLL--rB-Uk--l-BE--m- ------- -WC- ZrpF - ------- 

UtF ROfXYREKHH FACHINmK 
PRIEST WIti? 

11 86 s/us/86 252,268 RUXT IEXH H HID CLUMBIA R IICOL 8615& 2ooKM 
5/05/86 

caul 84 17 86 5/05/&5 =%44,=563 RUWRE#JiH MD WLIMBIA R WL 86159 
s/u5/a 

. WTUERY TM& 806,831 FROH 2RELEaSEs 

ElLSH su CHItEm 
e4 l2 86 fan 

200,440 SLLS H HID WLWBIA R ItCUL 86160 

so MIHm Es 60 86 5/29/w 1,644,967 E&S H HID u)LlHBIA R KIX 86162 lOWiFB,2OOKM 
6/02/86 6334460 llw 631. 

slJf3uNmK 
s5 * a6 z%E 

146,6SO ELLS H HID CCLWBIA R tUXL 86163 sol( AD-M 01-07-D7. 

l WTC3ERY TOTK. 1,592,057 FRW! 3-s l 

CI 

7 

i?GBqmLL--lB+8Zez3~~-~-- --------------- ------~ Y 

F 



- NaG570 
WTIOIWL IMItE FISERIES SEWICE 

IIE-lldut?---------- - 
FISH PASWE DATA SY!STEN 

-- -----_-_-_---II--- -----r-l1-rf-c-h-eJ-r-&LLr l 5 l s •l _ -__l-_------l--l 

WlWIWUIXXB 
l These drts are preliminary and hrvc been derived from various sources~ For l 

* verification and/or oriqin of data, contact the operators of the Fish Paswpr lktr * 
0 

v*.p 

FRW b/11&5 TO l2/31/86 
. 

AQCY IMTClEFtY....... SPECIES...... Em SIZE )(GR REWGE WiBER El-EsE SITE RICER ..+........t... FFC ~S.*..*....................r..............*.......*... 
-- -LmyRl/lh--yB-a---- Nfwr ZDIL 

UDacmANfw w=FizfF 
““W 

l 

LYWS FERRY 
“ZF 

“%kF 

“=EE@ 

-izEY ._ 

=FiE? 

w- 
Eus 

su- 
HLLwn 

a5 

a5 

a5 

as 

a5 

as 

es 

a5 

65 

w!3EEuEm EL-L2 

““W as 
sJGTEEuuu) as w 

HRTCIERY TOT&. 

6 a6 4ma6 
s/01/86 

6 

6 
a6 EE 

6 86 4/2bs%b 
5/13/a 

. HATCHERY TOTAL. 

133,370 E+MCEE R YEHATCKE R 

46,165 ERTIAT R ERTIAT R 

li9ts5s FmN 2RELmsEs 

155,605 TUDET R 

ma15 UiG WLLh R 

TWUETR Nca 

60,167 kELCW ,Lffi Ml 

36,050 Baoy imwl 

2S.830 MU.AYALlAR 

44,656 ASOTIN CREEK 

124,077 6R4NIE Ktkk R 

101,760 LYCM FERRY 

40,494 TLC&NKU R 

100,514 TLbXW?d R 

WAMKLAR 

ShWER 

NViER 

WJAWWR 

SWER 

GRANIEROWR 

SHAKER 

TLCMMJR 

TKIWCNR 

828,052 FRm 10 f?PJssEs 

nar 

rm 

tKcL 

Km. 

SNM 

SNM 

100x AD CLIP. 

100x AD CLIP. 

FPceRaP. 
100x F&m CUP. 

FPcc9xw. 
100x FB+D CLIP. 

100x ASI mIP. 
RElATNIuQ1w. 

lM* AD CUP. 

loox a CLIP, 
M)I( Fa-Lw. 
fiuiu~~m, RN 28.7. 

fwi Aa-Lu-cuY-Fa 
5wmimasff2oK. 
ualTIoIw.- 

low iaI+Faav-wT. 
RncLTauiME RN& 
VaITIoIw R?a& 

moxADaIP, 
w Fa-w-wr. 
~~~a~ 40* 

8620s ioox 110 am 

a6204 iwi AD am 

86213 

66214 

86215 

86216 

86218 

862l9 

8b2lO 

86220 

86211 

86212 . 



ryITIDN#d. W&M FBERIES SEWICE 
PRoaM vBc670 FISH P&S&X WTb SYSTEM PSE ND. 12 
IItLa+M*~ ___________________________________II___----------- -L~Lf-c-&Lv-gLLULt s l _ ------- 

-*Ho+s--HHlm-oe*-~ HHHHIIMHSWWHkSI 

l These data WC preliminary and have been derived fro* various sources~ For * 
s verification and/or oriqin of data, contact the operators of the Fish Passage Data * 
II Systee at CiO3) 230-4290. * 
---4O-ww-- 

FRon b/11/05 TO 12/31/Sb 

MC-f WTCXRY . . . . . . . SPECIES. . . . . . EmSIzE NSR PELES HIMEER RELEEE SITE RIKR . . . . . . . . . . . . . . . FFZ (rYsMTS..*.....*.,............*...*.........*.......*...... 
-~------- f!~_ygtLLb---~-----rWe----~ -- -- 

a5 100,630 Y4KINA R YAKIM R Nml. a6208 100% m CLIP. 
VOLITIOIW. KLEkSE AT NELSm SpRIMjs. 

l 

RIWILD H 

l 

MIA H 

108,630 FRW 1 RELE4SEs 

192,081 RINKHD H HID MLlRtBIA R 

l 

a5 w.07 100x AD asp. 
KlLrTIow- 

HATCSRY k?TAL. 192,C31 

80,021 

FRM 1 KcLmSEs 

KLILXITAT R KJXKITAT R llQ%ADaIP. 

100x AD aw. 

ioox AD asp. 

ioox iw aIp. 

100x AD asp. 

mx 40 asp 

roox AD aw. 

WSTEEMAD 
-16 

UI STEELGW 
.sluwulIA 

ws- 
-IA 

85 

8s 

a5 

6 86 4/15/86 
S/O?/Bb 

LiYJL 

LCOL 

LML 

35,433 -WITESWiWR WITESlllWOHR 

6 86 
CEE 

19,836 ylITEsAuyy(R WTEYULNR 

l 

llRlLER%KH 

l 

UMYJJKRH 

lwcinY TOTS% 135,290 FRW 3- 

183,045 4Kwmlmi ND CLlJMRIA R a!5 9 ab yi/m& KUL SUSTEQX4D 
RNjaD 

WsTEELam 
SUMWA 

wslEEumD 
-- 

as 

Es 

HATaERY TOTCY. 

d ab 4/M/86 
4a0Ab 

6 84 4/23/66 
4/28/w 

l ty\TaERY TOTAL. 

183,045 

55,068 

27,vso 

Fruu, 1FamSE.s 

KLICHTAT R KLICKITAT R LCOL 

LM YIND R UIND R 

83,018 mm 2RELEAss 

298,312 i+ZHCUR KFHOYR YELLS MTCXRY 7 a6 4129186 
5116/W 

tux 

86201 

86203 

86226 

100x b am 
KS3 m INTD SIltIL~ R. 

FIT GfaP. 100x IU-FB. 
RN8 

KL(YPRDLWt HID CCUMBIA R FFC!XlW. WOXAD-FB. 



PRaRM uEx70 
IItE-lldL3e-------- 

twig WIN! FISERIES SEWICE 
FIGRPAssAaIb%TAGYSTEH PAQKI. 13 

l These drtr arc preliminan and hwe been &rived from various sources. For l 

* verification lad/or origin of data, contact the operators of thm Fish Pas- ktr 
*GYstnrt603)230-4290. 

; ,~_. - - 

FlitIN Mll/BS TO U/31/86 

llecl mm....... SPECIES...... Em SIZE ISR - MmER RQBGE SITE RIVER . . . . . . . . ..e.... FPC ~L.....*.............**.*.*.*..*~.....***............ 
w_-- /GmCKYRHlhYRMIE5----f6LEBOe- ALlE LOT ID 

1,7S )(ETlWR EIWUR ml. ab234 100x m-wmt catm asp 
P~awcfuwnhxsmw~rn~nswuafiukrn 
~~~swm7pm~muxmcnustk~~ax~ll~cammrus 

. 

l WmERY TOT&* 475,841 FRm sRELE&ES l 

” ----- ---- ---2-m - -AN! 

W TGTAL-.. 68,392*507 FRon 132 RELEPSES mcl 
- -- ; 

. 

*LAST PAGE* 
HmrmCLIIWWmP 



APPENDIX TABLE 

A-2 

Hatchery Releases above Bonneville Dam 

expected to migrate in 1987. 

c .j 

Y 
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PRoawn uBcb70 
N%TIoIwL WyIItE FIflERfEs SERVICE 

II&L-llr&lz ---------_________----- -- ------ 
FISH PM DATA SYSTE?l 

-----------L!lLaAL~~YR_t 1 e a 9-e s fi 
P116E WJ. 

--.-d 

o-- 
* These drtr are prelieinry and have been derived free various sources. For 
s verification end/or or-iqin of data, contact the operators of the Fleh Pess4pe Data 

l 

* Systee at (503) 230-4290. 
I 
l 

FIWI l/01/86 TO Q/31/86 

AGCY fwTom?Y.. . . . . I GPECIES...... 
l_sIaxBw sxzE I*R - 

InHER RELEASE SITE 
-luu--KYR_--wIEs--- 

RI’ER . . . . ..I........ FPC ~....*......*........*......................*........ 
---------- _ 2ls --- 
om IFmmN 05 20 a7 ywzg 75dOO IHTIU R IHTILIA R Lm 86075 100x CUT. 

EL AT @NIFER WllDItG FWDt WI 86. 
0 CumERY TOT*. 751oc4 Fm 1 RELESS l 

LalKIMR SPamum 05 54 87 ;;;;;v 88,543 L~~KI#GLSCR Q&WERNER SHAK woe3 100x M 7-3964 a 951. 

SplxNrm G5 a 07 ZE 31,760 CmERIM CRK SR4NElUMER StM 86082 

GpmNwK 85 24 0-l ;V24;: 
LOMHGMSS 

163,27!i LWKIWGLSS CR GRANE RoHlL R SW&i 86084 2s cur-m 07-3%3,4, 
4wF0 

SPcafMlx a5 24 87 11/91/86 
LNKIKUXS 1 l/01/86 

164,886 LWXIWXASSCR GRRNKRONER SW, 0bo0i 

“;’ l iwcfERY Tow. 454.464 Ffal 4 &L&Es 0 

z ----- -------_ -~IlIiL~~~~AUl-5~~~ -- A!! 



WATIWAL WytItJf FISERIES SERVICE 
FTaa?whm670 FISH PASS&E DATA GYSTEH PAGE 110. 
IIE_-lLlS~ ________________________II______________---_ iHLtc_hLLI-BcIC 5 l _-__-----I____-- WTE 

~aH***HHI(IaOW)HM-a~~-~-~~ 

X Thne data are prcliminery and have been derived from verlouc sources~ For l 

* verification and/or origin of data, contact the operators of the Fieh Paseaqe Dete * 
* sy5tn at eo3) 2344290. * 
*.IIM**a5a*XHI* -HJHH**-wI***---aaa5e- 

FFzUH l/01/86 TO 12!31/86 

#icT WTMRY....... SPECIES...... WD SIZE m KLfAsE MmER RELE4sE SITE RI’JER .,............. c[yoD(TS ..,.,*.,..,,.,.,,,.,............,................... 
LxR!z----x8-1LLb---Bw&w--- t@tE --------_------------- ate.-&---- -- 

uGFuav?8u4KH 8P MImX); 85 33 87 11/26/86 180,000 cmsm WH VIMI R LCiR. 86150 
11/26/86 

l i+WCSRY TOT&. 180,ooo FRM 1RELEFEs l 

WITE GWUB H CCe40 85 27 87 10/01/86 1,200,000 WHITE WKONR LWITE YWOHR LCUs 
10/01/86 

l WTCISRY TOTAL. 1200,000 FR@l 1 RELEASES 

WWSPRIWOSH SPMIMJX Es 9 87 X0/01/86 lM),168 WtHSPRIPGSR bkWispRIKGGR LCU 
iO/Ol/o6 

86149 

86148 75u LV RIP 
81K Ru CLIP 

l tUTmY TOT& 160,lEa Fmln IFaMEs ” 

H ---__-I-------_--------------------- tafrIr~mu--lt~m-~------ ---- -E! 

*Hi TOTAL RELW.. . 2,069,652 FRCM 8KLEASES iM 

H 
I 

r: 

A,,....,.,,.,,..,...,,,.,. 
* L A S T P A G Ea 
-WHIM--W* 



APPENDIX TABLE 

A-3 

Brands released above Bonneville Dam 

1986 

;\ 
:? 

,A, 
~. .’ 



t&TITIoIw IW(IM FISWXS SRVIU! 
pRoGRAnyBc680 FISH FbSSM DATA SYSTEN F&X UO. 
IxLf_ll&Q2_-- --__ ------------------ ______-_ 2 -I-_ -LL-lr-ad..__B_r 1 l a 5 c 5 l --- ----E&X-IO---12--.--- J!&KJQi8: 

- 4&w45555555u*acaaaaaa55aeaaaa~aa-*~a-~a~~ 
..-._._- C Thee data xc preliminary and hrve been derived from various sources. For * 

. verification and/or oripin of data, contact the opcrrtors of the Fish P~SMC I*tr * 
I Sy&m it (SO31 230-4290. l 

+HHI*-H**X*-WHW*U-*S HHHHHIIIaXWHXWaaaeaHm 

TOTAL 
&3CY lWU4Xf....... SPECIES... .e. a FEZ2 RaEAsE SITE... RIKR . . . . . . . . . . . . . . . MYODITS................ 
-__--- -----I------ SinRT--NIX-- 

MTT Ho#IyITCXRY FA MINOM 5/wA6 6fo3f86 12,054 8634 01 RA BB 1 

02 IA BP 1 

04 LA n 1 

06 IA 2x 1 

ii it & : 
10 LA il- 3 

11 If4 2x 3 

12 LB PB 1 

ii Ezi ; 
09 RD BB 1 

sPcHIwoo( 

._- 5 .; 

l 

” 

5/Q/86 S/21/86 2,525 86307 01 IA BE 1 

02 WI BR 1 

03 RD BP 1 

S/13/86 6/12/86 4,820 86310 03 LO BE 1 

01 WL BB 1 

02 RD BP 1 

04 IA BB 1 

~~~: 

EEU 

5/08/86 s/14/86 

s/14/86 s/14/86 

s/14/86 5/14/e5 

S/14/86 s/14/86 

5/14/86 s/14/86 
s/14/86 s/14/86 
6/03/86 6/03/86 

6/03/86 6/03/86 

6/03/U 6/03/86 

6/03/P-4 6/03/E5 
6/03/86 6/03/W 
&‘03/86 b/03/86 

LOT IO TOTAL. 

S/12/86 S/21/86 

s/13/06 s/21/86 

s/13/86 5/21/a 

LOT ID TOT& 

5/13/e-6 5/u/86 

S/13/86 J/23/86 

5/13/M S/23/86 

S/23/86 S/23/86 
b/02/86 6/02/86 
6/02/86 6/02/86 
6/02/86 6/OU86 
6/U/86 6/12/86 

LOT IO TOTAL. 

IHTCILRY TOTAL. 

1,500 Yw(Iw\ R YMHA R 

1,150 YMIM R YMIM R 

l,ooO YMIfH R YtWI)yI R 

l,ooO YMIIM R YIy(IIyI R 

1,150 YMIM R YAKIt(A R 
:*g ;gMg; YMIWI R 

, YMIM R 

1,000 YMItM R YMIlyI R 

450 YMIlkR YMIWI R 

1,000 YMIWI R YMIl4i R 
l,WM YMIM R YMIM R 

650 YAKIlyI R YMIWI R 

12,KlO FRm -’ 12 RELE493 

1,275 YAI(IIy\ R YAKIM R 

625 YMImR YpI(IHA R 

625 YMIM R YIIm R 

2,525 FRIM 3 falxEs 

600 YMIHA R YMIM R 

640 YAKIMA R YcIKXrn R 

6C4 ItKIt% R YMIHA R 

620 Y+ViIM R YAKItS R 
600 YAKIlyL R 

% EKG 
ZK : 
YAKMA R 

600 YAKIM R Ywm R 

4,820 FRM 8-S 

19,395 FRUt 23 RELE@ES 

m 

E 
Ku 

No UIP. 500 REL -5/8. 
loo0 REL sn4. 
No CLIP. FELE&ED EHII 
IRRIGATION !XKENS. 
No CLIP. ELmsED BMIND 
IIiRIG(LTION 6CTtEEM. 
NG CLIP. RQEkgD BEHIND 
IRRIGATIOW SXEES. 
m-l 0 TP. - - -. 
No CLIP. 
Ho UIFS - EEHIKO 
IMIGATIDI -. 
wo CLIPS. FSLWE EEHIMI 
IFs(IGATIoN SCSUS. 
No CLIPS. RELMED BDIINKI 
IRRIUITIOH SXEEN5. 

it EE* 
Ho CLrFs: 

l 

tlDl Ml CLIP. &SO REL S/12, 
300 Ia 5/14,32?5 rm s/21 

nuX No CLIP, 300 REL. S/13, 
325 REL. s/21 

IYT)C gag, gm. s/13, 
l 

l 

m 4D CLIP. 
HCOL A0 CLIP. 

a 

x 

Im I__--______--__-_--- __---------- --------Y-19.-- ---- --------------!E!.! 



PRc4RafliBc680 
?MiwIy ISRIfE FISbERIES SERVICE 

LIE-la----------- 
FISH f%SYGE &VA SYSTEH 

---I--- ---L-m---_ * B r-lsl-L~-l-~~s-re- mm 9mm-In-M-12L31LB6-~~ lEJ&Q&li 

m WmmY.....,. SECIES...... r&zE RR= 
TM+& auNDBF(AwD 

--AIKK-~-Si Ql?J=K.D-- LocmND KuT 2kiiEsE- 
?sz -snE l . . RIUER . . . . . . . . . . . . ..a CIWEMYS..~........,.... FFC 

-m----p -L---b-- ZaE- mlfn 

1wslux.L SJcMImm 

l 

l;i 

MI(IoIwA @mm 

. 

H 

3/24/a 3/3l/e6 

Y lS/R6 5/02/R6 

4/02/06 5/27/R& 

970,348 86018 01 REI Y 3 

2 

1 

P 

: 

: 

: 

: 

: 

: 

1 

3 

1 

3/24/e-5 s/31/86 

LDTID TOTL 

l#TU-ERY TUT&. 

UtW SF-R SFWl’URR 

43,467 FRBI 1 fEusss 

43,487 FRm 1 KLSES 
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HATIM MRIE FISERIES SERVICE 
FISH PASSAGE WTA SYSTM 

l 
PASEHO. IO 

-- Bc.LLd-Bc~~~s~r i FHm 9/~l/Eg,ID_-lu;Jl/es~Q_1QpL87 
-CHHW**XWWBPP 
* These drtr are preliainorv and hove been daivcd from various sources. For l 
fi verification ad/or origin of data, contact the operators of the Fish Faswge Sata i 
C System at (503) 230-4290. . 
WHHCHHHHHH)(HHZmHHMHHHMl(rlrY'~ 

A&y IwasRY s...... SPECIES . . . . . . 
iRMBM .: BIwlD 

NlKBER RElaEE SIIL.. RI+ER ..*..*....t t... aRsNTs........*..,.... 
---------- -_----- ~_ ZCQF --. 
PPU ~TCIERY FA MIMIC% 2,529 863% 07 

OS 

6 

:: 

ii 
14 
06 

:: 
02 
13 
I5 

:i 
05 

i 
1 

BB 3 

iB : 

i : 

iB l 
BB : 

L 2' 
BB 1 
B 
I : 

i : 

P 2 

!i 
: 

: 
ii 2 

2 z 
w 2 

4/15/e& 
4/15/86 

:zE 

t;:zz 
4/15/e& 
MS/S.5 
4/1sm 
4/lS/S6 
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4/17/a 
4117186 
4/s/%6 

v$zE 
4/lwS6 
5/Ol/& 
54olm6 

‘z%Ei &&a& 
SAM36 
5fO2/86 

4/15#5 
4/lwS6 
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4/lzm& 

:Ezii 
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t2E,z: 
l LOT ID-ToTllt. 2,529 fmn 26 REUSES l 

w 
laTEamY mT6L. 2,529 mm 26 - H 

- --___----_-------_______________________-------------- ------- _BgtlcrJpItlL++L---2529. 26 &USES- ---_--~-__ sn 



NATIOIYY- MItE FISERIES SERVICE 
FfsERMl uBc600 FISH PASS&E MTA SYSTEH PAGE tn. 11 
II(IE__Il+1192---------------------------- ---- --------- --__-_- --i_---JLLAn_dAhA~L l -EBpLLmm-IR---lzL31LBh_--r#rrjgpLe7 

iNClllim--*HXHd-~-~*a-~-*d-*~a-~-~ 
* These datr ore welimirwy and hrve been derived from vrrious source. For d 
l verification wdfor oriqin of data, contrct the werotor, of the Fish Poss9c Ltr l 
I Systa at (503) 23(>-4290. * 
*r--H -*-l*X-*w--M*-wdaa- 
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- _____ ---- ---- I_ ----AI&I-- J-- maal 
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NATIOM ML FIS+ERIES SONXCE 
FISH PM DATA SYSTEH 

------ --LB-ad FRYI 9fW 

--*aaaaPp~ 
* These data are preliainary and have been derived fror various sources. For a 
l verification and/or origin of data, contact the operators of the Fish Rsuge Data (I 
+I systee at csO3) 230-4290. a 
-l-aosasaa***M*-~ 

MX’f HAICCERY I...... SPECIES.. . . . . 
lwmll!4.m TOTAL 

w m 
A~~-~ 

La: IRND ROT REZZ Fz2 lEEi -SITE 
UlLJeeeSTDP 

. . . 

-- ----- 

E.. . l . . . CDremTs . . . . . . . c.**i..;. 
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lsuDuRp(#()IFH 
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4 3/2S/S6 3128m6 
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. 

” 

ssmHscRum FI\MIHoo( 

l 

w 

4123186 U23/06 
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NATIWL WWM FISHERIES SERVICE 
mux6m FISH PASSAGE I@TI(LTA SYSTM PAGE HO. 14 
IuEAAuz------ ----- - __________l_l___l_ L ________- x___BJpDs---B~r-Is-1-5541”~~K85-IR-12L3uBh--~ 

MC1 IWCJERT . . . . . . . WECIES...... 

lloF LYCMFERRY Fb CtlIM)M 

. 

FA CHIwaX 

. 

” 

PRIEST R#‘Ils H FA CHINIBX 

l 

ail 

RIWOLD H FA MIMlOK 

l 

~aHLZl+mXXHIo~a~o*aoe*-ea-a~-~-o~~~~~ 
z Thwe data cre preliminary and have been derived from vrrious l ources. For 0 
II verification and/or ortgin of data, contrct the operators of the Fish Peeuge Dote * 
‘&~~fa;~~fl.230-429Q. l 

aaawwH~HLHIHI**~e~-- 

lx!lEzG 
TOT& 

.--EMI -ANU2Sl~LRIPI_Ie-i-- 
LCC ERHD ROT &%k! = hi%5 ,RaE4!z SITE... RI’XR . . . . . . . . . . . . . . . coIo(Ts... . . . . . . . . . . 0.. FPC 
----§MI5iP RFasrL- ~--JM---ZlyL- 

4/02/M 4/03/W $81,950 66154 01 RA 7K 1 4/02/06 4/03/86 40,168 LYDWS FEmJ SWZR SHM Ho UIFS. Y 

LOT ID TOT& 40,168FRm lEL!xEs l 

6/10/a 6/10/U 1,542,X9 86155 01 RA T 3 b/10/86, 6/10/06 91,003 LYok FERRY S+HER swi Ml UIPS. Y 

LOT ID TOT&. 81,003 mm 1 RBJXES a 

bwaERY TOT& 121,171 FKWI 2 rELEtas aa 

6/05/86 6/25f& 6,363,OOO 66156 01 LA T 6flOfB6 6/10/B 100,276 PRIEST WIDS H HID -:A R HCOL NO CLIPS. 
02 LA T : 6/19/W 6/19/M 100,374 PRlEm RWIDS H ID cuu(BIA R )(M 110 CLIPS. : 

LOT ID TOTAL. 200,650 FFai 2 RELass l 

MTDIY TOT& 200,650 Fmt 2 F(ELEAGEs H 

4/01/86 4/O&% 1,300,000 86157 01 RA iu 3 4/01/86 4/06/86 SO,OW RIHMuiH HIDWLUBIAR MYX NDCLIFS. Y 

LOT ID TOT%. 50,ooo F?m 1 RELWES a 

H tkWlERY TOTAL. 50,wo Fmt 1 ELEASES aa 

‘: 
ELLSH su CHIMM S/29/86 6/02/06 l&M,967 86162 01 RD S 1 s/29/86 s/29/86 100,447 ELLS H ItID~IAR KU. NOCLIFS. Y 

0 l 

e H 

LOT ID TOTAL. 100,447 FRM lR&SES 

IUTCNRY TOT&. 100,447 FRGtl 1- H 

* ____________ ---------- ---------- --I_ m 



t&TIM tYY(IM FISNRIES SERVICE 
mm?MuwAao FISH P&WISE MT& SYSTEH PAGEm 15 

UfdL54&2 __________-_____________________________- A- B r a n d R e 1 c a s c s l - ---EW-sLp1L85--1012L31/86~ 

***--aaH -mMIX*fHIMHWHH*PY 
l These data arc preliminary and have been derived fro* various sources. For * 
* verification and/or origin of data, contact the operators of tha Fish Passage Data * 
‘ systea at (33) 2304290. * 
yx((yMuIIIcII~~ 

TOTAL PRAHD Kw4D WIHD 
6~33 MTCERY....... SPECIES...... l?EEs a 

SIf&I ____ SIC?---&!?&DT ID 
IELUISE- MBEER - SITE... RIWt . . . . . . . . . . . . . . . lTmwHTs....*........... 

~;_‘“_“.._-Bx__~~--------~--- 
.EPc 

___--_--------_-__-----~-~~~~ - 

WG LYONSFERRY faJSlEL%Au 

0 

SJSKELIEAD 

l 

SUSTELEAD 

4/21/M 4/29/E-5 a.167 86215 01 RA 7F 1 

:: E z : 
201035 -LGs Iyyl EE i 20,063 Baou LIZ Dlyl 
X),069 ELW US DM SME R 

ZE El is* 
9la AD CLIP: 

: 
Y 

60,167 FRM 3 R&E&ES l 

4/21/86 4/25‘A6 36,050 86216 01 LA iU I 

E s z : 

;;89& pa& ;g E 
12:016 Baoy IH( I#)r 

SE: E % E* 
EJWE R wu AD arp: 

:: 
Y 

36,050 Flw! 3 fQE4sEs l 

4/n/86 5/02/66 124,077 86210 01 RA IJ 1 

03 !?A IJ 3 

02 Rp1 IJ 4 

2Q,OOO SRANIERWER GRlYmERDWnR 9kwtlD-Lu-cul 
voLITIayY - 

20,000SWNERUiDER SRMDERMER sNIy(AD-iV-WT 
WLITIMly - 

20,000 GIWWIE-R SRMDERDRCER sIw)( AD-LV-CW 
VCUTIUM. - 

* 

su STEEL- 4/22/86 5/02/66 10117.M 86220 03 LA IJ 1 

4/21m 4/29/86 
4/25/a+ 4/25/86 
4/29/B 4f 29&h 

LOT ID TOT&. 

4121186 4/29/N 
4fnfe.4 4f25f86 
4/29/S6 4/29/86 

LOT ID TOTAL. 

4/22/06 5/02/M 

4fwE6 s/02/86 

402186 5/02/06 

LOT ID TOT&. 

4/&m 5/02/w 

60,ow FRCH 3-s 

20,000 LYONSFERRY SwmR 

20,ow LYONS FERRI 
20,ooo LYWS FERRY ZizEi 

-. 
-. 

sJsTEELsm 4/26/W S/13/% 

su STEELlEAD 4/26/S6 5/13/W 

01 LA IK 1 

02 IA IK 3 

40,494 86211 01 LI+ IT 1 

02 LA IT 3 

100,574 86212 01 RA IL 1 

02 RA IK 3 

4f22f86 s/02/86 
4fWa6 5fOU8.5 

4/w&s 5lOm6 

4mS6 s/02/86 

LOT ID TOT&. 

4/26/86 S/13/86 

4/26/k+ 5/13/86 

LOT ID TOT&. 

4/29fS6 5/13/a 

4/29/a s/13/86 

LOT ID TOTAL. 

WITCMRY TOTAL. 

20,ooo LYONSFEIW BYY(ER 

20,wo LYmS FEmY fM@ER 

100,OLw FRon 5 lm.msS 

20,000 NCAmDHR TUGWMNR 

20,000 NCAEPOHR’ TIJXUWR 

40,ooo FRm 2 FELWES 

20,000 TlWW.WR NUYM#R 

2-MOO TUXMIWR NCAICII)(R 

40,oDo FFm 2 raMsis 

336.217 FRM 18 IaEASES 

-. 
-. 
-. 

SrlM LtD-Lm. 
VUITIUM -. 

s&w m-Lv-cw* 
‘JCUTIOHIY. -. 

sIw( ADLIFCYT. 
UXITIDIIY -. 

SmK AD-Lu-wT. 
VuITIayY -. 

l 

aa 



. ..~ . ,- _~ - _._ --- ---- 

tUTIllt& MM FISERIES SE&E 
FISH PASEE DATA SYSTEH 
rLJJJLR5 ’ 

l +.datr arc prsliaitur~ and have been derived from various IOUTEOS. For 
* vertftcrtion and/or oriqin of data, contact the operators of thm Fish Pas%, I*tr 

l 

* SYstn at (503) 234-4290. 
s 
l 

mMWICHHHHHHm+HtMl*-- 

UicY IWQERY .*...a. SpECIEfi . . . . . . LaIawRuT 
BRmDmwD 

-mm-w-~ MF- 
a RaEAs SITE .*. 

----------_~ 
RIbER . . . ..a......*.. c!mEws................ 

--IPL- _ :’ 
m 
BBLYB 

ua, ELLSmTCJERY SUSTEEUEAD 5/01/e6 5/09/M 89,489 86203 01 LA 7N I SfOlfs6 5f0lf86 

:: k! ii : 
5fo5fo6 5fcms6 
s/w/B6 WWf86 

ys& yaa; 

&92 EiHlWR 
k%% E s%* 
tEllCUR WXIL AD CLIP: 

:: 
Y 

l LOT ID TOTAL. wr409 FR& 3 RELESES l 

susTEEumD 5fOlfs6 5fWf56 35,298 86226 01 Rh 7p 1 

ii E z : 

pl;$ gfol& 
::s$ EiE E 

MDWLUIBUR mL maw. 
5fWfB6 s/09/86 11:943 Bnm PRD DAn 

JUDU!ltVJBIA R KXIL AD CLIP, 
MD -IA R KalL AD CLIP. 

T 
Y 

LOT ID TOT& 35*2m FRon 3 ELWES . 

l 

H 

m----------- 

SUSTEELEAD 

----___-__ 

5fo5fs6 5f15fB6 1,758 0623404 

01. 

02 

05 

03 

06 

RA 

u 

LA 

RA 

LD 

RD 

P7 

w 

KI 

n 

n7 

P7 

- 

5mva6 5fc6f86 216 

5fWf06 5fWfE6 551 

5fWf06 5fwf86 213 

5fWfa6 5fWfE6 456 

5fl5fo6 5/15/w 190 

Sflsfas 5f/15/86 126 

LOT ID TOT& 1.i5s 

Jm#JERr ml& 126,545 

- 

ETHWR 

KMDVR 

tlETJE#R 

JEIJXBR 

EllWR 

lt3lWR 

KnayR 

lmrmR 

IETIWR 

MHDYR 

nca 

UUL 

m 

ncu 

nca 

. 
H 

m 

_..I_.. _~~.._~~_ _ 



tJATIowIL lYIRIM FISZRIES SERVICE 
FfiQmwtvBc680 FISH PASMSE DATA SYSTEt! 
IxiEJ1&&2- ------------I -----------------------i--- ____________ !!--JhLuL!L-SS-IS-UU-d-- 

PnGERo. 17 
~-~-Em-SKfuls~Io-1--~xE~7 

XC**;YIXXXHIHHHIHHH-**ss*~w* -HM*l---- 
l These data are preliainrry and have been derived fron various sources. For i 
Y verification l d/or oriqin of data, contact the operators of the Fish Passwe Data l 

l systemat (503) 230-4290. f 
S6XYIWXIUI~-**HII-ss~s~*- -H-*-*----ese- 

mJxmJm TOTAL BRAND mw BAND 
AOCY WTWY....... SPECIES...... FfLEkSE RELE&i LCCWND RUT iMBER R&ERSE SITE... RI’XR . . . . . . . . . . . ..a. CasacTS................ 
____________-----___---- -SI(PFm-A----~mL---- -----I- -4% 

YATR ml-lwc+ERY w ctmcm R/23/85 11/05/85 412131 86300 01 RA +Y 1 

03 RA +Y 3 

09 Rtl7t4 1 

11 LA 7N 1 

10 RA 7u 3 

e/23/85 10/28/85 

a/23/85 10/27/85 

9/05/85 10/28/&5 

9/13&s 10/16/85 

9/13/8S 10/16/8!5 

140 NnaESR )#DESR 

122 MUESR tb%IESR 

128 WCtESR NXtESR 

168 NWESR WUESR 

169 tWlESR IUCIESR 

:“3 iFi z : 
l4R4+P 3 
24RAOOl 

z: Et i : 
22RAu4 
04 LA +‘I 1 
16 R4 +P 2 
17 RA +F 4 
.(I8 LP +Y 1 

:: F z : 
18 R’ +P 1 

SF CHIHOOK 4112186 4/X/86 2,339 86301 03 LA 14 1 
01 M 14 1 
02 RA 14 3 
06 LA +N 1 

ucv 
09 LA 13 : 
07 RA 13 1 

E 1: :g 3 1 
10 WI +F 1 

:: E +p 14 : 
13 m 14 1 
14 RP 14 3 

LOT ID TOTAL. 

4/12/86 4/12/86 
4/12fw 4/n/86 
4/12/86 4/u/86 
4/15/86 4/15/86 
4/15/86 4/15/86 
4/n/86 4/15/86 
4/18/M 4/m/86 
4118186 4/18/86 
4f18/86 I/18/86 
4/u/86 4/23/86 
4/23/86 4/23/86 
4/u/86 4/23/86 
4/30/86 4/a/86 
4AoI86 4/30/86 
4/30/a 4/3o/S6 

230 YAKIMR YIXIM R 
207 YMIIYI R 
109 YMItM R EE+ !i 
118 YAKIIM R 

“2 EE: 
EE ii 

113 YMHA R Ed E 
194 YAKIM R 
;: y&IswR” GE i 

209YAWYIR :Ei i 
90 Y#iIM R 

110 YMIfh R EEi 
220 YtXIIM R YMIIMR 
110 YM’AKXIW R YtlKxwL R 

LOT ID TOTAL. 2,339 FROM 15 IELMES 

. 

:Ei 
94 

z ‘E 
152 
100 

2:: 

100 

E 
1,274 

NEIES 

Ez 

ggg 

ZE 

EEEi 
NAMS 

Es 

i%E 

Ez 
IYIMS 

i Em 
z 

)IACIESR 
BkGESR 

R IWESR 

R” ii%z: 

: EEi:: 

E 

i 
5% 
MCtESR 

R NM%SR 

4,159 FRQI 23 !ZLEMES l 
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PRoeRAnyBcbeo NATIOWL WiIM FISHERIES SEXVICE 

IIE-U&&QZ-~~- ------- - 
FISH PASSME DATP SXSTEtl 

----------------------,---~_ -8-CArLd-lL.cllcr l 
PMX W(D. 18 

----Jf%LS&1~-~(n 
Xrm)(H(HIWHHue* 
l Tht+e,dat? arc preliminary and have been derived from various source, For 
l vertflcrtlon and/or origin of data, contact the operators of the Fish Passage Data 

* 

l Systn at (503) 230-4290. 
l 
l 

X%?ni-*WCIII(HIIWses..r--l.--r-.-l-.....r,.,,(HHmmCHHrmWHHH 

MXY WTWY.. . . . . . S’ECIES. . . . . . Lof RWD ROT a& liii?kf aLEAsE 
STOP - 

SITE... 
-----__ ---- ----- 

RIER . . . . . . . . . . . . ,.. - caroni; . . ...**.* . . . . . . . & ~ 

YATR WN-WTCHZY sp CHIMm 4/23/86 5/03/86 499 86305 02 LA +1 3 
01 RA +1 3 

Exi: 
04 RA Y 1 

l 

4/23/&t 4/23/P.6 
4/n/66 4/23/06 
5/08/86 5/08/86 
5/m/86 5/08/86 
5/wB6 s/08/86 

59 YAKIIY4R 

‘E ZKi 
:i%i : 

25 YAKIWa R 
150 YIYSil#R 

t%% :: 
YMIHA R 

LOT ID TOT&. 499Fml5mJxEs 

5/03/86 s/19/86 

CHIUUX 5/23/06 6/W/06 

FA CHINCCX 6/16/06 606% 

1,836 86311 03 LP 

ii E 

.z E 

!E 
fm IP 

:: tt 
10 RP 
14 LA 
15 LP 
13 RP 

z +N 
:3” 
13 
+P 

z 

:a 

fE: 

rt: 

COT ID TmL. 

288 6631205 LA +P 06 
LP +f 

: w27/86 5/27/86 

04 RP *p 4 z% &%Z 

2.901 

. 

86315 15 
19 

:: 
09 
13 
16 

2 
06 

:7” 

z : 
+L 1 
$5 

1 

s : 

z : 
$5 
+F : 
2 : 
4 3 

LOT ID TOTa. 

4fw86 6/16/86 

~:~ %%E 
6/16/06 6/uA6 
b/16/86 6/u/a 

"k:tE zz 
6/16/86 6/16/a 
6/lm~-~m~ 
6/16/a -m&/S6 
6/16/# 6/U/06 
6/16/S 6fW06 
b/W86 h/w86 
MW8b b?l6#86 
6/M/06 b/16/& 

YMIM R 
YM.If!A R 
YAma R .-._. . 
3Ez-i 
;i%i i 
YMIM R 
YAK&R 
YMINA R 

lra86 mm 15,. RaaSEs 

78 WilWR 
80 YrYd)#R 

Y-R 

130 Y-R GEEi 

2aFfiim 3iELusEs 

:z 
iTi 
12 

rn.3 
1% 
:fi 
142 

Y-R 
Y-R ;a; 
Y-R 
WiIlH R 

EE R” 
Y--R- 

~~2% : 
ZE 
E!% 
YAKIWR 

-$#g 

EZE:: 
Y-R 

EE i 
YMIHA R 

l 

l 

_. ._-.-__-- - 



HATIWL twlIIE FISXRIES SER’JICZ 
FISH PSSAU DATA SYSTEi’l 

!,t-E%z------ _____________________^________ L__&TsndJq_l_er 9 ’ ----Emm9/oum_Ip-- 

-rm*** iksSSSWs-HH-*-~~~~~~ 
Z Thw data are prelieinwy and have been derived from various sources. For l 

l verification end/or origin of data, contact the operators of the Fi& Passage Data e 
x sysiter rt (503) 2304290. I 
Hlf*-+l-m)H--*esP- 

&?i% FZt%i 
TOTAL 

z & 
BRIWD 

&CY MTCERY....... SPECIES . . . . . . LOC m ROT WlER REIJXZ SITE... RIUER . . . . . , . . . . . . . ;. mlmNTG..............,i --FFZ 
___---_-- _________ -.3Ie8I--sm-- 

*crp -------L 

YATR NUl-tM- 

l 

FA MItUX 

-. 

6/16/&S 6/1WG6 2.901 8631s 11 RI\ +Y 1 
14 I +Y 3 
18 IP 6’1 

ii is z : 
08 RfJ *L 3 
12 RP +Y 1 

%%E 
6/16/G6 
6f 16f06 
b/16/06 

YMItIA R 

Ee 

EE!t 
Y#iMA R 
YMIM R 

LOT ID TOT& 2,pol FRut 22 RElJxEG 

cm0 4/25/86 5/09/86 1*454 - O3 IA +l : 4fXf86 4mf86 

:i E=z +l 
4fm86 4f25f86 2i ERR” E2 R” Et 

2 : 
4n5fe.6 4f25fa6 184 YMIM R YMIWI R 

04 RA 5fo9f86 5/09f86 500 YAKImR YMHA R Et 

. LOT ID TOTAL. 1,454~FRlm 4 RWXES * 

.a tWXRY TOTAL. 13,526 FRM 87 RELUS3 ” 

m---- ------- -9 __--____-____-_-_--__^____________ AGwcyToTAL...-13.526 -----tip- 

-ess*--- 
0 L A S T P A G Ee 
HHHWHHIIZHH-C- 
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RECAPTURE HISTORY OF FREEZE BRANDED FISH RELEASED IN THE SNAKE RIVER DRAINAGE, 1986 

CHINOOK 

-------------------------------RECOVERY DATA ______________________________ 
-------RELEASE DATA------ _____ LEW ___e__ _____ LGR ______ _____ LMN ______ _____ #CN ______ _____ JDA ______ 

BRAND HATCHERY SITE DATE NUAER t 50% DATE f 50% DATE t 50% DATE # 50% DATE # 50% RATE 
------------------------------------------------------------------------------------------------------------------------------------------ 

YEARLING CHINOOK 
RD-Y-1 
LD-Y-3 
RD-Y-3 
RA-J-2.4 
RA-Y-2 
LD-Y-1 
RD-K-1 
RD-K-2 
RD-K-3 
RD-K-4 
RA-K-2 
RA-K-1 
RA-K-3 
RA-A,F,PI,R* 
LA-A.F,PI.R* 
RD-A.F,PI,R* 
LA-P-l 
LA-P-2 
LA-P-3 
LA-P-4 
LA-W-l 
LA-W-2 
LA-W-3 
LA-W-4 
LA-L-l 
RA-?K- 1 

SAWTOOTH 
RAPID RIVER 
MCCALL 
LOOKINGGLASS 
DWORSHAK 
RAPID RIVER 
IN-RIVER 
IN-RIVER 
IN-RIVER 
IN-RIVER 
IN-RIVER 
IN-RIVER 
IN-RIVER 
DHDRSHAK 
DWORSHAK 
DWORSHAK 
IN-RIVER 
IN-RIVER 
IN-RIVER 
IN-RIVER 
IN-RIVER 
IN-RIVER 
IN-RIVER 
IN-RIVER 
IN-RIVER 
LYONS FERRY 

RA-T-3 LYONS FERRY 

SAWTOOTH H. ll-Mar 
HELLS CANYON 26-Mar 
S.F. SALMON R. 27-Mar 
LOOKINGGLASS CR OP-Apr 
DWORSHAK H. 02-Apr 
RAPID RIVER 05-Apr 
LEWISTON TRAP OZ-Apr 
LEWISTON TRAP OtApr 
LEWISTON TRAP ll-Apr 
LEWISTON TRAP 16-Apr 
LEWISTON TRAP 27-Apr 
LEWISTDN TRAP 28-Apr 
LEWISTON TRAP lo-Kay 
L. GRANITE DAM 27-Mar 
L. GRANITE DAM 30-Kar 
L. GRANITE DAM 02-Apr 
8ELOW 1. GOOSE IO-Apr 
BELOW L. GOOSE 13-Apr 
BELOW L. GOOSE 16-Apr 
BELOW L. GOOSE 19-Apr 
8ELDW L. GOOSE 22-Apr 
BELOW L. GOOSE 25-Apr 
BELOW L. GOOSE 30-Apr 
BELOW i. GOOSE 09-May 
8ELOW L. GOOSE 22-May 
LYONS FERRY H. 02-Apr 

35,851 49 
44,754 269 
43,487 229 
39,937 113 
40,675 N/A 
44,692 239 

2,793 N/A 
1,596 N/A 
2,143 N/A 
1,392 N/A 
2,421 N/A 
4.100 N/A 
1,227 N/A 

54,000 N/A 
54,000 N/A 
54,000 N/A 

5.000 N/A 
5,000 N/A 
5,104 N/A 
5,000 N/A 
5,OOD N/A 
5,000 N/A 
5,000 N/A 
4,998 N/A 
4,933 N/A 

40,168 N/A 
SUBYEARLING CHINOOK 

LYONS FERRY H. lo-Jun 81,003 N/A WA 

It denotes number sampled 
dashes indicate insufficient data 
* denotes positions 1, 2, and 3 

~- ---- - ,~. - --. ~.._ ^.___.. _~ 

14-Apr 226 23-Apr 7 Ol-Hay 66 02-Ray 7 0%~Uey 

03-Apr 981 16-Apr 70 23-Apr 284 28-Apr 117 02-#by 

23-Apr 508 02-May 34 Ol-May 172 15-May 46 13-Nay 

05-Apr 637 16-Apr 42 29-Apr 253 02-#ay 52 OS-Mey 
N/A 479 21-Apr 104 OC-May 372 Il-May 93 12-&y 

to-Apr 1,073 19-Apr 102 27-Apr 294 Ol-Hay 128 06-&y 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
WA 
N/A 

4 ----- 19 
4 ----- 12 

'5 ----- 24 
3 ---we 16 
2 ----- 23 
7 ----- 59 
2 -e--v 14 

188 27-Apr 803 
t61 26-Apr 733 
197 26-Apr 780 
75 15-Apr 142 

121 19-Apr 277 
45 22-Apr 149 
26 25-Apr 56 
54 26-Apr 217 
47 29-Apr 201 
70 03-May 203 
40 14-May 174 
32 24-May 148 

227 tC-Apr 1,229 

24-Apr 7 
30-Apr 12 
02-May 10 
05-Hay 8. 
16-May 8 
ll-Msy 20 
23-May 2 
05-May 323 
01-May 376 
02-Hay 371 
22-Apr 112 
27-Apr 161 
28-Apr 84 
Ol-thy 43 
03-May 120 
06-May 89 
lo-May 68 
to-May 48 
29-Hay 25 
27-Apr 608 

--w-m 

Ol-ky 
05-k)! 
Ol-HBy 
----- 

3 
2 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
WA 
N/A 
N/A 
N/A 
WA 

57 15-Apr 
63 23-Apr 
50 22-Apr 
12 ----- 

25 Ob-May 
7 03-May 
7 17-May 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

15-uay 
--s-e 

08-?by 
04-h~ 
07-ky 
29-Apr 
02-by 

e3-m 
06-&y 
07-&y 
09aby 
lb-say 
21-&y 
30-Iby 
Ol-hley 

N/A N/A 835 28-Jun 1369 26-Jun 109 24-Jul 

-- ..-__.~-~ . . 



RECAPTURE HISTORY OF FREEZE BlTANDED FISH RELEASED IN THE SNAKE RIVER DRAINAGE, 1906 

STEELHEAD 

-we_ --------------------------RECOVERY DATA----------------------- 

tD-T-2 
LD-T-4 
LA,RA,-J-l,3 
RD-T-2 
RA-IJ-1.3.4 
RD-T-b 
RA-J-2.4 
LA-P-l 
LA-P-2 
LA-P-3 
LA-P-4 
LA-W-l 
LA-w-2 
LA-W-3 
LA-W-4 
RA:7F-1 
RA-7F-3 
RD-'IF-1 
LA-IT-l,3 
RA-IK-1,3 
LA-IK-1,3 
LA-IJ-1.3.4 
LA-7U-1 
LA-'IO-3 
LD-7U-1 

HAGERMAN SAWTOOTH H. 09-Apr 52,300 11 
HAGERNAN E F SALMON R. 0%Apr 51,325 12 
IRRIGON WALLOWA H. 02-Nay 59,734 19 
NIAGARA SPRING HELLS CANYON 27-Apr 51,328 38 
LYONS FERRY 
DWDRSHAK 
IRRIGON 
IN-RIVER 
IN-RIVER 
IN-RIVER 
IN-RIVER 
IN-RIVER 
IN-RIVER 
IN-RIVER 
IN-RIVER 
LYONS FERRY 
LYONS FERRY 
LYONS FERRY 
LYONS FERRY 
LYONS FERRY 
LYONS FERRY 
LYONS FERRY 
LYONS FERRY 
LYONS FERRY 
LYONS FERRY 

GRANDE‘RGNDE R. 27-&r 60,000 111 
DUDRSHAK H. 07-y 35,025 N/A 
LITTLE SHEEP CR 27-Apr 28,095 19 
BELOW L. GOOSE 26-Apr 4,319 N/A 
BELOW L. GDDSE 29-Apr 4.176 N/A 
BELOW L. GDDSE O!Xay 4,966 N/A 
BELOW L. GDOSE lo-May 4,150 N/A 
EELOW 1. GDDSE 15-May 4,249 N/A 
BELOW L. 6DtXE 20%~ 4,250 N/A 
BELOW L. GDOSE 24-!&y 4,250 N/A 
BELDN L. GDDSE 27-May 1287 N/A 
BELOW L. GOOSE tl-Apr 20,035 N/A 
BELDW L. GOOSE 25-Apr 20,063 N/A 
8ELGN L. GOOSE 29-Apr 20,069 N/A 
TUCANNON H. Ol-May 40,000 N/A 
TUCANNDN H. 07-May 40,000 N/A 
LYONS FERRY 25-Apr 40,000 N/A 
LYONS FERRY 2%Apr 60,000 N/A 
BELOW ICE HARE. 25-Apr 11,998 N/A 
BELOW ICE HARB. 27-Apr 12,034 N/A 
BELOW ICE HARE. 29-Apr 12,010 N/A 

‘*++, 
11 denotes number sampled 
dashes indicate insufficient data 

----- 290 
--w-e 122 
--me- 301 
02-May 336 
06-May 990 
N/A 581 

--e-v 134 
N/A N/A 
N/A N/A 
N/A WA 
N/A N/A 
WA WA 
N/A N/A 
N/A N/A 
N/A N/A 
N/A WA 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A WA 
N/A N/A 

28-May 4 ----- 18 Ol-Jun 2 ----- 
2a-May 4 w---- 12 Ol-Jun 0 ----- 

29-lay 59 OfJun 35 Ol-Jun 10 31-Nay 
07-May 9 ---- 9 21-Muy 1 -me-- 

20-May 
17-May 
30-M8y 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

47 
24 
18 
97 

175 
152 
124 
131 
90 
99 
11 

628 
564 
571 
351 
455 

1295 
2357 
N/A 
N/A 
N/A 

25-May 90 
21-lay 40 
03-Jun 17 
29-Apr 196 
02-May 253 
OS-lay 209 
13-Nay 181 
la-May 168 
23-May 147 
26-m 100 
29-May 41 
26-Apr 671 
30-Apr 624 
03-May 469 
29-May 115 
22-Nay 597 
02-May 919 
Ol-May 1,905 
N/A 352 
N/A 409 
N/A 320 

27-May 
26-&y 
Ol-Jun 
02-May 
07-&y 
13-&y 
19-May 
22-May 
26-May 
29-lay 
31-May 
Ii-May 
15-May 
18-May 
30-May 
27-&y 
18-May 
14-May 
0-W 
OS-May 
09-nay 

34 
31 
10 
98 
a4 

101 
64 
59 
40 
32 
3 

285 
250 
150 
115 
255 
303 
St1 
210 
213 
110 

3lslsy 
2%May 
05Jun 
or-ky 
@J*Y 
15*y 
2l-#ly 
24&y 
29-&y 
31-M&y 
----- 

13-&y 
16-May 
17*y 
30-&y 
29sby 
Zl-May 
16-&y 
02-lby 
07-l4&y 
lO-llry 

------~ _~~~ 
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APPENDIX III: DISTANCE IN RIVER MILES FROM
TO MOUTH OF COLUMBIA RIVER

RELEASE/RECAPTURE SITES

Site River Miles(l')
(To Houth of Columbia)

Savtooth Hatchery 897.0

Stanley/Salmon River 890.0

EF Salmon River 855.4

SF Salmon River 716.3

Rapid River Hatchery 605.4

Hells Canyon Dam 571.3

Grande Ronde (Steelhead) 522.0

Dworshak Hatchery 504.9

Grande Ronde River(fal1  chinook) 493.0

Lower Granite Dam 431.8

Little Goose Dam 393.0

Tucannon River 386.5

Lyons Ferry Hatchery 383.4

Ice Harbor Dam 333.0

Winthrop Hatchery 574.0

Methow River 523.9

Wells Dam 515.6

Leavenworth Hatchery 496.6

Rock Island Dam 453.4

Naches River 451.5

Priest Rapids Dam 397.0

McNary Dam 292.0

John Day Dam 215.6

(1.1 Mileages from "River Mile Index" series issued by the Hydrology and

Hydraulics Committee, Pacific Northwest River Basins Commission 1964-1976.
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